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Hippos captured in the area where Rogers crews 
are working in Somaliland and presented by Mr. Rogers 
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The names, Abbie and Durka were given to the Hippos 
by members of Rogers Geophysical crews prior to the 
4ippos’ departure, via air freight, from Somaliland. 
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tation which are yours, anywhere in the world, with Geo- 
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GEOPHYSICS 


PRESIDENTIAL ADDRESS 
EXPLORATION GEOPHYSICS—1957* 


ROY F. BENNETT? 


I am humbly appreciative of the opportunity you have afforded me to serve 
as President of your Society this year. It has been a pleasant, though arduous, 
experience. The whole-hearted cooperation of the membership, through local 
societies, committees, and individual efforts have made possible the progress 
realized during this period. The Executive Committee and Headquarters Staff 
have worked diligently to preserve and further the principles and programs 
initiated by past administrations. 

It has been my personal pleasure to visit geophysicists and geologists in 
seven countries located on three continents during the past year. These visits 
have been rich in associations, conversations, and exchange of ideas with many 
members of our interesting profession. Through these associations, I have 
been able to discuss the part of exploration geophysics in the search for petroleum 
and what it means to you now and in the future. Before I turn over, to Charlie 
Clifford, the presidential duties of SEG, I would like to pass on to you some of 
the impressions gained from these experiences. 

The oil industry has, on the whole, had a rugged “‘go”’ the first half of 1957. 
Domestic demand increased only 1.1 percent compared to the 5 percent 


expected. 

Domestic production of crude hit 7,525,000 barrels daily due to the Suez 
situation but will cut back sharply in the last half. Texas production is reduced 
to 12 days allowable. 

Stocks of crude oil and refined products were at a cecord level, tying up 
needed capital and causing ‘‘soft’’ markets. 

Refining continued to require large investments for manufacturing facilities 


to stay in the octane race. 
Drilling received the greatest cut; 25,761 wells were completed, a drop of 
3,077 from the same period in 1956. Wildcat drilling suffered its greatest first half 


* SEG Presidential Address delivered before the 27th Annual Meeting of the Society at Dallas 


on November 11, 1957. 
t Sohio Petroleum Company, Oklahoma City, Oklahoma. 
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decrease since World War II; 5,814 wildcat wells were completed as compared 
to 6,301 in 1956, which made a reduction of 487 exploratory tests. 

Financing was difficult. Earnings were up early in the year, but readjustments 
following the Suez crisis and general business downturn forecasts reduced profits 
for the year. “Outside” financing was unfavorable due to the “‘tight’’ money 
market. 

But the picture has not been so bleak for geophysics and geophysicists. 
The SEG Committee on Geophysical Activities reports an average of 528 seismic 
crews operating in the United States during the first eight months of the year. 
This compares with 520 at the end of 1956. And all indications are that there has 
been a considerable increase in foreign operations. 

The demand for trained geophysicists contines to outstrip the supply, and 
this remains one of the major problems of exploration geophysics. 

Drilling is after all a short-term investment, whereas exploration is an invest- 
ment in the future. It should be heartening to all of us to learn that the consider- 
able curtailment of drilling has not been accompanied by a corresponding decrease 
in exploration. At a time when the oil industry is faced with reduced earnings, 
high costs, lower products demands, and stringent proration, managements’ con- 
fidence in the future is clear. 

As geophysicists, we have every reason to share this long-term optimism. 
Here are some of the predictions of John C. Casper, Economics Editor, The Oil 
and Gas Journal, published July 29, 1957: 

Total domestic demand in the United States for petroleum liquids will climb 
21 percent to 10.6 million barrels daily by 1960. It will reach 13.25 million barrels 
daily by 1965. Natural gas requirements for 1960 will be 13.26 trillion cubic 
feet and increase to 16.32 trillion for 1965, as compared with 11.0 trillion cubic 
feet produced in 1956. 

Domestic production of petroleum liquids will exceed 9 million barrels daily 
in 1960 and 10 million by 1963. The average will be 10,890,000 barrels daily in 
1965. Natural gas production in 1965 will be 15.77 trillion cubic feet. These 
estimates indicate a production increase of 37 percent in petroleum liquids and 
44 percent in natural gas over the next eight years. 

Drilling in 1956 resulted in 58,160 wells to discover and develop 3.8 billion 
barrels of petroleum liquids and 24.0 trillion cubic feet of gas or 7.9 billion barrels 
of crude, condensates, and barrel equivalents of natural gas. Assuming a like 
success ratio and historic decrease in recoveries per well drilled, 82,300 wells will 
be required to develop the 9.5 billion barrels needed in 1965. 

Exploration faces the formidable task of finding 8.1 billion barrels of crude 
and crude equivalents of natural gas in 1960. In 1965, we must find 9.5 billion 
barrels. These volumes will be needed to replace production and maintain re- 
serves. 

You will note that included in these statistical forecasts are crude oil, con- 
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densates, and natural gas. Natural gas has been converted to crude equivalents 
at the rate of 6,000 cubic feet per barrel. Exploration for gas is indivisible from 
crude oil; therefore, results are distorted unless gas production and reserves are 
included in any analysis. Vastly expanded transmission systems have elevated 
natural gas to an important position in the family of energy fuels. From these 
estimates, substantially confirmed by most economists, you can understand 
managements’ optimism and confidence in the future of petroleum production. 

What do these predictions mean to the exploratory professions? Well, if the 
predictions are reasonable and present trends continue, the number of exploratory 
wells required in 1965 will be over 21,000, or more than 60 percent above the 
number now being drilled. 

How will these tests be located for the greatest economic return? I am con- 
fident that geophysics will play as great or a greater part than it does today. We 
have made great and significant advances in the past few years in methods of 
recording and resolving our data, and this, it seems to me, will inevitably lead 
to equivalent improvements in interpretation which will enable us to unravel 
the more complex and more obscure features which industry will test. 

But one statistic, more than anything else, gives me cause for confidence. 
This is Dr. Lahee’s statistic that new field wildcats located by geophysical ad- 
vice had a success ratio of better than 16 percent. This compares with a success 
ratio of 5.5 percent for wells located without technical advice and 9.3 percent 
for wells located solely on geological advice. 

Now, let’s repeat the question. How will the ever-increasing number of ex- 
ploratory wells be located? Results prove that geophysical exploration reduces 
exploratory drilling risks by two-thirds. Management in search of production 
rather than tax writeoffs will make use of this advantage. The cost of geophysical 
operations in the United States at today’s level is $200,000,000 per year. That is 
about 1o percent of more than two billion dollars that is spent on geology, geo- 
physics, leases, and exploratory drilling. What a bargain! 

But bargain or not, the future of exploration geophysics will be determined 
by results yet to be accomplished. Industry will continue to measure results by 
petroleum discovered for dollar expended. That is the American way, and it has 
provided us with the best way of life in the world today. 

I am confident that you will continue to do a productive job on the oil-finding 
problem which becomes more complex each day. 

Where will our “big” reserves be found in the future? From stratigraphic 
traps, reefs, highly folded and faulted anticlinal structures, or some presently 
unknown trapping mechanism? All these conditions are a part of basin building 
and related deposition. The answers will be found in complete understanding of 
basin geology. There must be reasons for facies changes, reef growth, and trends 
of structural features. More basic research is required to define the targets for 
which we search. Exploration geophysics should be a part of this research since 
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it can provide information of the basin architecture from the basement to the 
earth’s surface. 

This is not a routine chore for a ‘“‘recorder picker’’ or a supervisor who thinks 
only in terms of holes shot per day. 

Coordination of geological and geophysical information, under extreme pres- 
sure the past several years, is a reality. The effectiveness of this partnership will 
depend on the strength of the partners. Be sure that you bring to that partnership 
sound, intelligent thinking supported by the latest developments of your profes- 
sion. Then cooperate in the final planning, interpretation, evaluation, and recom- 
mendations. 

To meet this challenge of the future, you have the finest instrumentation and 
equipment ever available. The instrument research laboratories and manufac- 
turers have made amazing progress in developing tools for improving basic data 
required as you encounter greater complexities. 

A record display of the latest developments of the equipment laboratories is 
available for your inspection at this meeting. 

Now for the $64,000 question. Can we use the full potential of these tools to 
interpret more precisely and accurately the refracting and reflecting layers of 
our earth? This problem faces all geophysical groups today. We must now de- 
velop as individuals to make full and proper use of the electrical and mechanical 
marvels of the laboratory. 

During the next three days technical papers will be presented that can help 
each of us. Concurrent sessions for research and mining geophysics will offer you 
a choice of material. For your personal interest and professional competence, 
don’t miss this opportunity to prepare yourself to meet the obligations of the 
future. 

I have deliberately chosen to speak to you regarding exploration geophysics 
in oil-finding within the United States. Nearly 70 percent of our operations are 
located in the United States and Canada. Problems here are multiplied by the 
successful exploration in the past and by the fact that one-half of the world oil 
supply is being produced from only one-sixth of the known world reserves. 

Geophysical activities outside Canada and the United States increased 25 
percent in 1956 reaching a 340 crew average. Reports of activities indicate 
further gains in 1957 as more areas become available to the prospector. Success 
is assured in many of the relatively unexplored petroliferous basins of the world. 
Major discoveries are reported constantly from new areas over the world. Many 
of you will have the opportunity to participate in this expansion. Geophysicists 
have for years been willing to ‘‘hit the road’’ to better “hunting grounds,” and 
it is anticipated that the younger generation does not differ from the older one. 

In a broad sense, the continued existence of the United States as a free, demo- 
cratic nation could depend on petroleum reserves sufficient to meet ever-increasing 
peace-time demand and for defense in war. In our country, this vital responsibil- 
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ity falls on our privately-owned oil industry; as a part of this great industry, this 
responsibility is yours and mine—the individual oil men. 

It is axiomatic that each successful wildcat reduced the number of remaining 
undiscovered oil fields. From this, we might draw the dismal conclusion that if we 
hunt for oil tomorrow with yesterday’s tools, economics will put us out of business 
long before the last oil field is found. Fortunately, the compounding of experience 
and research—stimulated by such meetings as this—equips us to do the neces- 
sarily better job. We are fortified by this accumulated knowledge; but to do the 
job ahead, it takes, more than increasing mounds of facts and figures; it takes 
what it has always taken in this fascinating business—the individual oil finder 
whose imagination flows from a sound understanding of realities, whose daring 
and courage are tempered by his experienced judgment, whose faith in his fel- 
low scientist and dedication to a common objective have brought him the 
knowledge that the ideas and dreams of the individual are brought to fruition 
only through the coordinated efforts of the organization. 
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THE NUMERICAL COMPUTATION OF CAGNIARD’S INTEGRALS* 
C. H. DIX} 


ABSTRACT 


The numerical calculations may be made in such a manner as to make clear the influence of 
various factors on the results. This is done for the buried source and receiver in a semi-infinite elastic 
medium. The process is to alter the path of integration so that with increasing time one increases 
the integration path length. Thus the total field unfolds as we carry out the integration. 

The work is done graphically. The path is mapped by an electrolytic tank technique suitably 
modified from that used by electric network synthesis workers. The integrand is separated into a 
product of two terms, one independent of time and position and one dependent on time and position. 
The independent term can be mapped on a conducting sheet for one Poisson ratio. The dependent 
term may be mapped for each time and position. 

A function multiplier and integrator are needed. The method is most accurate when the horizon- 
tal distance of the receiver is not very large compared with the sum of the depths of the source and 
receiver. The method is alterable to include the domain of difficult direct application. 

Every aspect of the methods herein described may be extended in the practica! sense to the more 
pea case treated by Cagniard. This is, in fact, the main justification for this study of an old prob- 
em. 


INTRODUCTION 


This note may be regarded as a natural sequel to a pair of papers by Dix 
(1954 and 1955) giving an exposition of some of the simpler aspects of the work 
of Cagniard (1939). 

Although the present paper refers only to computational techniques, the basic 
purpose of the sequence of notes, of which this is a part, is to achieve an under- 
standing of the mechanisms involved in the generation of surface waves. For 
this purpose it appears to me that the method of Cagniard is the best method 
available. One begins with an impulsive source. The only assumptions one needs 
to make are very likely to correspond to the practical situation one is trying to 
understand. This situation is the following. 

Given a compressional source, buried a depth, /, below the infinite plane 
boundary which separates the vacuum above from the elastic solid below, calcu- 
late the displacement field as it develops in time at enough points in the solid to 
form a good picture of the over-all process. Then focus attention mainly on the 
surface waves and look for the principal features of their development. It was 
for this purpose that the simple techniques of the present paper were developed. 

Refer to my 1955 paper for the setting of the physical problem. In this 
paper numerical calculations were made giving displacement response as a func- 
tion of time for an input step in the scalar potential for the irrotational part 
of the displacement field. This was given along the vertical axis through the 


* Paper read at the 27th Annual Meeting of the Society at Dallas on November 13, 1957. Manu- 
script received by the Editor December 2, 1957. 
t California Institute of Technology, Pasadena, California. 


198 


J 
| 
= 


199 


NUMERICAL COMPUTATION OF CAGNIARD’S INTEGRALS 


source. On this axis the calculations involve no integrals, and so this is the simplest 
place to do the numerical work. 

One needs this numerical information everywhere—or at a collection of field 
points close enough together so that interpolations can be made. So our point of 
departure will be Dix (1955), p. 94 and 95. However, the assumption p=o will 
not be made (although this case can be included here too). 

So long as we suppose the strains arbitrarily (!) small and the medium per- 
fectly linearly elastic (as we always do in such theories rendering a model check 
no redundant activity), the theory of Cagniard is exact. 

The computation techniques described below are graphical and, so, are ap- 
proximate. It is possible to refine these techniques considerably. I only describe 
what I do with an occasional suggestion of how the work might be improved. 

As is always true in this subject some knowledge of properties of functions of 
a complex variable is required. The material in the little book by Knopp (1945) 
is sufficient. 
THE INTEGRALS TO BE COMPUTED 


Referring to Dix (1955), p. 94-95, and Cagniard (1939), p. 67 (25) and p. 115 
(14), the latter of which is parallel with p. 71 (28) and has to be translated back 
to a form like p. 67 (25), as I have done below, we see that our integrals can be 


written 


( 4 I f t— ah — az fr*(u)ud (1) 
™p Cr, (7p? + (¢ — ak — az)?)*/? 

4 t— ab — bz 
(u,)r* = —— Im f f*(u)udu (2) 
t2aS+zs ™p Cre + (¢ — ah — bz)*)*? 


4 I 
= Im f ~ gi*(u)udu (3) 


(u,)r* = > Im f g,*(u)udu, (4) 

t>nS+es J Crp (u*p*? + (t — ah — bz)?)*/? 
where we use the same symbols used in Dix (1955); thus Z and T subscripts 
refer to longitudinal and transverse parts, p and z are cylindrical coordinates of 
the receiving point, # is the depth of the source, S and s are the longitudinal and 
transverse wave slownesses, the star (*) refers to the fact that the quantities on 
the left hand sides have to be differentiated with respect to time ¢ to give the 
indicated displacement components, a= (u?+.S?)"? and 6=(u?+s?)"/? and D(u) 
= (u?+5?/2)?—wab and 


fi*(u) = — bu?/D(u), f2*(u) = b(u? + 5?/2)/ D(u) (5) 
git(u) = abu?/ D(x), go*(u) = — u?(u? + s*/2)/D(u). (6) 


Since in prospecting we usually are concerned chiefly with the pulse that 


: 
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arrives as a longitudinal wave and with the vertical component of that part, we 
shall describe the details first for (uz)~* given by (3). The simple modifications 
needed to handle the other integrals will be indicated. 
THE POSSIBLE PATHS OF INTEGRATION 
The path C,, is the path in the u-plane defined by the relation 


= ipu cos w+ (s + + (7) 


where w goes from o to 7/2 (holding /, p, z constant). The exact curve C,, is readily 
computed in any particular case. In Figure 1 the path C,, is sketched from 
A (where w=o) to B (where w= 7/2). The curve CA is also determined by (7) 


Fic. 1. The u-plane with the Cagniard path C,, and the path K;, used here. 


but now with w=o and ¢ variable. CA is the locus of beginning points of C,,’s for 
various times. So CA has to be computed in any case (unless one uses the de- 
velopment of Cagniard (1939), p. 70 et seq.). 

One can continue C,, from B to O to C to A enclosing no singularities of the 
integrand of (3) so that the loop integral is zero by Cauchy’s theorem (Knopp, 
1945, p. 48). The part of the integral from B to O is identically zero since the 
integral is real and its imaginary part is zero. 

As we move from O toward C let us establish the relation between ¢ and u 
graphically. In Figure 2 we have set u=il. Referring to (7), we are then con- 
sidering 


= (2 + h)(S? — 
i+ pl 


(8) 
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+S(z+4)+4, 
ph +5 (ata) 


+5(ath) +t, 


Ellipse 


> 
5 
Fic. 2. Graphical computation of the relation between ¢ and u for u=il when t=ipu+(z+A)a. 


where at u=o (or /=o) we know /=S(z+h). So 1,=Y¢ to satisfy (7) when the 
straight line for Ye intersects the elliptical curve for VY; at Po where /=o and 
VY =S(z+h). When ¢ increases, say by 4, Po moves over to P; which determines 
l,. On the diagram of Figure 2, ¢ may increase by an amount /, when the line for 
J’, becomes tangent to the curve for VY; at P: determining the critical value of 
l=1,. 

The above construction may be directly extended. In Figure 3 the curves for 
ah and éz are drawn and their sum is also drawn. The tangential intersection 
point again determines the critical value /, which is clearly seen to be always 
less in magnitude than S. The above geometrical construction will be seen to 
be in agreement with Cagniard (1939), p. 59 (7). The advantage here is that our 
construction yields the solution of the well known 4th degree equation, the solu- 
tion of which is algebraically ugly. 
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Fic. 3. Graphical computation of the relation between ¢ and u for u=il when t=ipu+ha+zb. 


As we know from Cagniard’s work the point C in Figure 1 may be identified 
with w=il,. The integral (3) taken from O to C is real, and therefore its imaginary 
part is zero. So the integral along C,, may be replaced by the negative of the 
integral along AC which we shall designate as K,,. For this purpose we have to 
extend the graphical procedures of Figures 2 and 3 to the complex plane. 


GRAPHICAL PROCEDURES IN THE COMPLEX U-PLANE 


We want to map various complex functions as u?, (u?+S?)"*, D(u), etc. If, 
in a limited region of the complex u-plane, f(u) is any one of these, we can 
separate f(u) into its real and imaginary parts, respectively Re f(u) and Im f(«). 
If we let «=k+il where k and / are real numbers then Re f(u)=U(k, /) and 
Im f(u)=V(k, 1) where both U and V satisfy Laplace’s equation (Knopp (1945), 
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aU aU 
al? 


= 0. (9) 


As is well known, U(&, /)=constant, may be interpreted as an equipotential 
curve in a current sheet and, V(&, /)=constant, may be interpreted as a current 
flow line. Or the above parts played by U and V may be exchanged. Another 
viewpoint is that U(k, 2) represents a surface which can be mapped as a contour 
map. The map of V(&, l) then indicates the dip directions or directions of steepest 
ascent or descent. 

Examples of various simple cases of such maps are illustrated in Figure 4. Each 


of these cases is useful to us. For example for large |u|, a is approximately u. 


(b) =1 


Fic. 4. Contours showing the behavior of several basic functions of the complex variable u=& 
+il. Along solid lines the real part is constant whereas along dashed lines the imaginary part is 
constant. 
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For large |u|, D(u) is approximately cu? where c is a real constant. Near the 
Rayleigh pole the integrand looks like c/u. Near a branch point of a, a looks like 
(u) "2, 

The origin at Figure 4(c) is a saddle point for both contour sets. Our contour 
maps can never contain closed highs or closed lows inside the region. High points 
and low points always have to occur on the boundary of the region of proper 
definition of our functions. Any interior maximum or minimum always has to 
be a saddle point. This means that if we push the region of definition as far as 


Luter or (b) Exterior (<) Inversion May of 


Exterior ow Tuterior 


Fic. 5. Double disk representation of the infinite complex plane for the case f(u) =1. 


possible we always come to some singular region or curve or point where the 
function is no longer analytic. But to do this in our cases we need an infinite 
complex plane. 

The simplest infinite complex plane representation is for f(u) =. Consider 
the circle of unit radius with center at the origin. The exterior of this circle may 
be mapped on the interior of another unit circle by the transformation w=1/w. 
In Figure 5(a) the interior of the unit circle is shown. In Figure 5(b) the exterior 
is indicated. Figure 5(c) indicates the map of the exterior (b) on the interior 
by the mapping w=1/u. Note that with w=1/u, P in (b) maps into P» in (c). 
But then we rotate the circle through 180° about the real axis and attach it to 
(a) by joining along the unit circumference. Thus on a two-sided circular disk 
we represent continuously the whole infinite complex plane. 

This process is not new, having been used by electrical engineers for years 
(Cherry, 1952, contains a good historical introduction and a full bibliography). 
Most people in this work use a thin liquid layer or tank of a weak electrolyte to 
approximate the two-dimensional sheet. This, though messy, can, with care, 
be made to yield numerical results within 1 percent (see Kennedy and Kent 
(1956) and Farr (1957)). 
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While the use of dry sheet conductors such as Teledeltos paper is less accurate 
than the electrolytic tank, it is much more convenient, especially if several sheets 
are needed. Previous use of conductive paper has been made by Morgan (1954). 
Also certain mapping problems require an understanding of behavior on several 
sheets (Riemann surfaces) connected along certain branch cuts. When this 
general understanding is achieved by carrying out a rough mapping then a 
single sheet may usually be made more accurately in an electrolytic tank. After 
all, it is only necessary for us to integrate along a path in a single sheet. 


THE MAPPING OF K,, 


We have three main problems of mapping: (1) to map the integrand g,*(u)u 
(or G:*(u) where dG,*(u)=gi*(u)udu); (2) to map A,,; and (3) to map 
(u?p?+(¢—ah—az)*)~”? along K,,. To map K,, by a procedure that is easily 


= 


Fic. 6. Map of a= (u?+-S*)"? in the 4th quadrant of the w-plane. 


extended to mapping K,, (which might otherwise be very difficult) we need the 
map of a=(u?+5?)"?. For actual computation we introduce dimensionless 
variables. Let 4 =a/S=(v?+1)"? where v=u/S is the dimensionless variable 
corresponding to u. Then the map of A can be used for many values of S by 
simply choosing the scale to transform A values to a values. However, for the 


purposes of this exposition we revert to the u and a. 
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The general character of the map of a in the 4th quadrant of the “upper” 
sheet is given in Figure 6. Another map we need is that of iw. Multiplication by i 
induces a counter clockwise rotation through go° so that Figure 4(a) thus rotated 
is the map we require. The 4th quadrant is shown in Figure 7. 


v 


tU= nst, >o 
const, 


Fic. 7. Map of iu in the 4th quadrant of the w-plane. 


Along K,,, ¢ is real so the imaginary part of ipeu+(z+A)a is zero. The imagi- 
nary part of ipu+(z+h)a is positive when u is on the positive real axis, say at 
P (see Figure 8). So one has a right to guess that Im \ipu+(z+h)a} will decrease 
passing through zero to negative values at P’. We look for the zero point of 
Im {iput+(s+h)a}. This locates a point on the curve K,,. Then for this u we 
compute Re {ipu+(z+h)a} and this gives ¢ for that point. This correspondence 
is needed later. 

This work can be done directly with the aid of two electrolytic tanks. The 
factors p and (z+), are simply included in the driving potentials. The tank of 
Figure 6 has good conductors from £ to O to D and from B to C. There are 
barrier insulators from E to B and from D to C. The potential difference between 
EOD and BC is (+h) Im (S?—U,*)*/?, Again the tank for Figure 7 is arranged 
with good conductors along OF and GH and barrier insulators along OH and FG. 
The potential difference between OF and GH is pU,. Using an ammeter between 
two probes one keeps the probes always at the same w point in both tanks 
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moving the probes and mapping the curve A,, by the null reading on the am- 
meter. Clearly, if one wished to be fancy one could drive this with selsyns con- 


trolled automatically. 
Having mapped K,, one then exchanges roles of insulators and conductors in 


A, (244) 


plane 


Fic. 8. u-plane indicating path PP’ traversed to find point on K,, where the imaginary 
part of ipu+(s+h)a=o. 


asymptote 


both tanks (or uses duplicate tanks with the exchange built in). Now in Figure 7, 
OH is at zero (ground) potential and FG is at the positive potential (p Re im\at re, 
and in Figure 6 EB is at zero potential and CD is at the positive potential 
(s+h) (Re (u?+S?)"?)at cp. For the same u on K,, in each tank we measure 
the potential above ground and add these to get ¢ for that u. Now we see that if 
we connect the probe at u in the tank of Figure 7 with the conductor BE of the 
tank of Figure 6 and measure the potential from OH to the point w in the tank of 
Figure 6 we get ¢ directly. 

The generalization for K,,, requires one more tank for 6=(u?+s*)"/?. Other- 
wise the process is the same. 

The above discussion covers only a finite part of the w-plane. For larger 
values of | «| one replaces K,, by its asymptote and ¢~u(ip+z+h) which will be 


real for “ on the asymptote. 
We are going to keep our attention on the fact of the dependence of ¢ on u 


along K,, by writing 


(10) 


ri(u) = iup + (s + h)(u? + 


The denominator in (3) may be written except for the radical 
(iup + — + h)a)(—iup + t — (2 + h)a) 
= (t — r1(u))(t — rr) = (¢ — rr(u))(t — + 2ipu). (11) 


The only part of (11) that gives any trouble at all is the part with the 27p7. We 
defer discussion of this until we map (u?p?+(¢—a(z+h))?)-"?. 
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Fic. 9. Hexapole map of contours where Re 1/u'=constant. 
The constants are taken to be 0.5, 1, 2. 


THE MAPPING OF g,*(u)u 


It may be verified that uab behaves like w* for large |u| whereas D(u) be- 


haves like (s?—.S*)u?/2. So gi*(u)u behaves like 2u*/(s*—.S*) near 

To utilize the double-surfaced disk representation we make the transforma- 
tion w=k?/u or u=k?/w. So if we look at the bottom of our disk (of radius &), 
we find g,*(u)u behaving like 2k?/(s?—.S*)w* near its center and we have to see 
how to map c/w*. 

Let w= Then c/w*=(c/ R®)e~** = (c/ R®) (cos 39—7 sin 30). So, assuming 
c real, Re (c/w*)=c cos 30/R* and Im (c/w*)=—e sin 30/R*. The real part 
maps as indicated by solid lines in Figure 9. The imaginary part is similar but 
rotated through 30°. We thus have a hexapole source to construct as indicated 
in Figure 10. If we wanted to work with the imaginary part we have only to 
replace conductor sources by insulators and vice versa. 

It should be noted that the above is true as a description of a limiting situa- 
tion only. If one moves out from ‘‘«” for a finite hexapole, as one must in 
practise, then other terms have to be included depending on the accuracy re- 
quired. The most important term in the present case is u(3s*+S*— 2s2S?) /8. 

There are two poles of g:*(u)u at w= +iSpe where the behavior is like c/e 
(if we take u to be +1Se+e or —iSe+e) for ¢ small and complex. The residues for 
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Fic. 10, A hexapole source for the case where equipotential curves correspond to constant real part. 
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Fic. 11. u-plane with dipole sources shown at the Rayleigh pole positions. 
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Fic. 12. Graphs of ratios of wave slowness for various Poisson ratios. 


both poles are, for Poisson’s ratio less than 0.26308207, positive real. The 
corresponding oriented dipoles are illustrated in Figure 11. (See the discussion 
of Figure 19 for the significance of the phase of the residue.) 

The values of Sz have to be computed by solving the usual Rayleigh equation 
D(u) =o. The graph of Figure 12 will be found useful for this purpose. 

Map of ab. The next item to consider is the product ab. The branch points 
are at +iS and +is. The behavior of aé is illustrated in Figure 13 (see also 
Cagniard (1939), p. 43, Figure 5). The branch points E and £’ correspond to +125 
and —iS and F and F’ to +is and —1s respectively. Branch cuts are made along 
the imaginary axis between E and F and between £’ and F’. The real part of ad 
is zero along both sides of these branch cuts. The imaginary part is zero along the 
dashed lines in the figure. At ~, ab behaves like u*. So on a double disk “‘infinite” 
sheet map we place a quadrupole source on the bottom center and the two cuts 
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Fic. 13. The main features of the behavior of ad in the finite part of the complex u-plane 
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‘1G. 14. Graphical representation of a typical behavior of D(w) on the imaginary 1-axis, 
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Fic. 15. Sketch of approximate curves along with Im D(u) is constant 
in the 4th quadrant of the u-plane. 


as shown on the top sheet. If we energize the quadrupole so that equipotentials 
represent Re ab=const., then we place conductors along both sides of each cut 
and make sure these are kept at zero potential. To represent Im ab=const. we 
exchange roles of insulators and conductors everywhere. 

Thus, although ad is double-valued, its simple symmetry permits one to repre- 
sent it easily on one sheet. 

Map of D(u). However, if we were to try to represent say D(u) our symmetry 
would be lost. We would have the same branch cuts as in Figure 13. The dashed 
lines still represent lines where the imaginary part is zero. For D(u) there is also 
a quadrupole source at ‘“‘«.” The ratio of the strength of the quadrupole for 
D(u) to that for ab is (s?—S?)/2. 

The trouble with the D(«) representation comes along the branch cuts where 
D(u) is complex. The behavior of D(«) along the imaginary axis is easily com- 
puted for a fixed Poisson’s ratio, 7, and a fixed S. This we have done for ¢=0.25 
and S=5X10~‘ sec/meter and plotted in Figure 14. 

In Figure 15 I have attempted to sketch curves along which Im D(«) =const. 

It is not our purpose in this paper to map D(w) in detail. However, it may be 
useful to look further at the approximate general picture for the light this can 
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throw on the much more difficult problem of studying Cagniard’s more general 
D(u) (Cagniard (1939), p. 42, equation (26)). 

It is clear that the complications in D(u) between the two branch points arises 
mostly from sources in the other Riemann sheet corresponding to a change of 
sign of ab. This changes (u?+5?/2)?—wu?ab to (u®+s*/2)?+wuab. This latter ex- 
pression, designated as D,(u) hereafter, is everywhere finite except at u=‘*x”’ 
where it behaves like 2‘. This requires an octopole source at ‘‘.” 

The 3rd quadrant in the second Riemann sheet may be sketched as in Figure 
16. The reason for the saddle point at Ps in Figure 15 can be seen by combining 
Figure 15 and Figure 16. 


Aw ),=o0 


Sabre 


Fic. 16. Sketch of approximate curves along which Im D,(u) is constant 
in the 3rd quadrant of the u-plane. 


Because of the strong octopole source at ‘‘~’’ there has to be a curve along 
which Im D,(#) =o coming from the lower left approximate center of the 3rd 
quadrant up toa point like M in Figure 16. M is a saddle point where dD, /du=o. 
That there always exists such a saddle point may be easily verified since 
d(u?+s?/2)*/du starts at zero at w=o and remains negative imaginary but 
bounded in modulus to w= —:S where a=o. du’ab,du starts at zero at u=o, 
becomes immediately negative imaginary, but as w—>—iS, then becomes positive 
imaginary and unbounded. So dD,/du is negative imaginary near «=o and be- 
comes positive imaginary as u—>—iS. As dD,/du is continuous between v=o 
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and #=—iS and remains pure imaginary in this interval, it must be zero at at 
least one intermediate point, namely M. 

The purpose of mapping D(u) and D,(«), aside from seeing the general be- 
havior of these functions, is to see where their zeros are as these correspond to poles 
of g:*(u)u. Reference to Dix, Fu, and McLemore (1945) shows that for Poisson’s 
ratio, ¢<0.26308207 the two zeros of D,(u) near M lie between u=o and —1S. 
However, for o greater than this critical value, one zero is at the left of M on the 
line Im D,=o and the other is symmetrically located to the right of M on the 
line Im D, =o. These locations can be found more exactly algebtaically by solving 
D(u)D,(u) =o which is the Rayleigh cubic in u*. This gives, first —Sp* which 


(4) (b) 


Fic. 17. Showing means of making an approximately isotropic resistive 
connection between two sheets of resistance paper. 


we know numerically from Figure 12. Then u?+S,? may be factored from 
D(u)D,(u) and the resulting quadratic may be solved for the remaining two zeros 
of D(u)D,(%) which are the zeros of D,(u). 

For the representation of Cagniard’s general D(u) for two solids 8 Riemann 
sheets appear to be required. The problem is straight-forward but lengthy. We 
now pass on to our simpler problem. 

We need two “infinite” Riemann sheets each cut as shown in Figure 13. In 
the “top” sheet g:*(u)u=-+abu'/D(u) and in the “bottom” sheet g:*(u)u= 
—abu?/D,(u). 

In the “top” sheet there is a hexapole source at ‘‘infinity” to take account of 
the behavior like 2*/(s?—S?) there. Also there are the two dipoles at +i7Sp 
corresponding to the Rayleigh poles. 

In the “bottom” sheet gi*(u)u behaves like u/2 at “infinity” so a dipole 
source needs to be placed there. Note that the hexapole is about 107 times as 
strong as the dipole at ‘“‘«.” There are also the four dipoles at the four extra 
solutions of the Rayleigh bi-cubic which are zeros of D\(). 

This gives all the driving mechanism for both sheets. 

But these sheets have to be conductively connected along the branch cuts. 
The problem is illustrated in Figure 17 where (a) represents a single sheet carrying 
a simple plane current and (b) illustrates the same sheet cut and then recon- 
nected. By using very narrow good conductors perpendicular to the cut, the 
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resistance component in the direction parallel to the cut is not changed much— 
certainly a required condition. If the conductivity parallel with the cut becomes 
too large and a result of too much conductive paint, this may be reduced by per- 
forating the paper between conductors. The distance between tying conductors 
determines the granularity of the tie (Darlington (1951)). How far each line 
conductor penetrates the sheet determines the effective resistance perpendicular 
to the cut at the tie. One merely makes the currents the same for (a) and (b) 
when the driving voltages are the same by adjusting this penetration. 

The ties across branch cuts are illustrated in Figure 18. Only sample ties are 


Ties across 
Preac euts 


\ 


shown. 


Fic. 18. Showing branch cut ties for g:*(u)u. These are only sample ties. Actual 
ties are made as indicated in Figure 17(b). 


The only part we still have to consider is the strength and orientation of the 4 
poles in the “lower” Riemann sheet. Let these poles be at 51, — 51, 51, —Si when 
S; is complex and S;, S2, —Si:, —S2 when S; and S2 are pure imaginary, where the 
bar indicates the complex conjugate. Then if «=$,+« where | e| is small we have 


(12) 


(Si + €) a_;/e + ag + aye 


So a_4=lim (e—0)€g:*(Si+e)(Sit+e) is the residue of g:*(u)u at S;. Now one can 
write gi*(u) =abu®/D(u) =abu®D,(u)/D(u)D,(u) in the lower Riemann sheet 
where the residue is to be found. Then when S; is complex 


— + + + 52/2)? — + + 
2(s? — — + 


(13) 


If S; and are pure imaginary, for 
+ + + 52/2)? — + + 


= I ) 
2(s? — $*)(S;2 — S7)(S,2 + (14 


and for u= 


_- (Sa? + + (S32 + 52/2)? — + + 52)! 2] 
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In the singular case where S;= So, 
gi*(S1 + €)(Sit+ = 


and 
a_2 = lim (e > o)e’gi*(S1 + (Si + ©). 


The coefficient a, gives the strength and orientation of the corresponding 
quadrupole. In fact for this case 
= — + + + 
— + + — + (15) 
The modulus of a_; (or a_2) measures the strength of the dipole (or quadrupole). 


What does the phase angle ¢, of a_; indicate? Refer to Figure 19. At the pole, 
imagine a local complex plane oriented so that the positive real axis points in the 


Fic. 19. The significance of the phase of the residue of a pole. It points 
the direction of the positive lobe of the dipole. 


direction of a_;. Then a_; would be real and positive. If « had been originally 
referred to axes with this orientation then a_,/e would have + real values along 
this direction. Thus a_; points the direction of the positive real lobe of the dipole. 
Note that the imaginary lobes of the dipoles at S; and S2 face each other in pairs 
when they are on the imaginary axis. When S; is complex the orientatien has to 
be computed from (13). Note that a_2 is positive imaginary. 

With the four dipoles (or two quadrupoles) and the dipole at “‘, 
in the “lower” sheet, the two Rayleigh dipoles and the hexapole at ‘‘”’ in the 
“upper” sheet energized, and the conductive ties made at the branch cuts, we 
have a complete approximate representation of gi*(u)w. 

Note that by using two Riemann sheets with the same cut connections, the 
same dipole positions (but possibly different strengths and orientations), go*(u) 
may also be represented completely. 

Also observe that f:*(u)/b and fo*(u)/b may be represented on two Riemann 
sheets with no singularities at ‘“‘«”’ in either sheet. The singularities are at the 
same finite poles we have already used for the g,*(u)’s. 

If we wish to represent f,*(u)u and f2*(u)u we have to use 4 Riemann sheets. 
In this case it is necessary to make the cuts a little differently. A possible cut 
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arrangement is shown in Figure 20 together with sample ties. It will be noted 
that the branch cuts have been curved away from the imaginary axes in Figure 

That this is legitimate can be verified by direct inspection of the situation 
remembering that we do our best to approximate a continuous plane isotropic 
resistive tie in each instance. 


(b) at b-, 


(¢) bs, = ~ ba /p, (a) + 


Fic. 20. Showing how the 4-Riemann sheets required to represent f,*(1) 
are tied together at the branch cuts. 


FIRST STEP IN INTEGRATION 


Next we form 


G,*(u) -{ ug,*(u)du, 
0 


| 
/ 
/ 
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where the path of integration is in the 4th quadrant. If G:*(u) can be mapped in 
the 4th quadrant then (3) can be written 


4 dG,*(u) 
= — — Im f (3’) 
t>hS+z28 Kr, (t — — + 


In (3'),Gi*(u), though a little complicated, is independent of h, p, z and ¢. 

As we know g,*(u)u is analytic everywhere except at the poles and branch 
points. We can define G,*(u) everywhere except at these poles and branch points. 
Some care, however, is necessary. 

We know that if we define G,*(#) by two paths we get the same value provid- 
ing the two paths do not enclose a pole or any other singularities. But every time 
we loop around a pole we find ourselves on a new branch of G;*(x). 

As we approach a pole, such as —iSpr, G:*(u) takes on a logarithmic behavior. 
To see this, suppose we have the function . 


f(u) = (a — uw). 


This has a simple pole at u=a. So we place a dipole there, and that is all that is 
necessary to represent f(u) on the entire infinite « plane. But then 


« du 
F(u) -f —— = — In (a — uw) + Ina. 
0 


So the pole in f(#) introduces a logarithm in F(u). To represent completely a 
logarithm of a complex number an infinite number of Riemann sheets is neces- 
sary. Now —In (a—u)=I1n | 1/(a—u)| —i phase of (a—u). Suppose a is positive 
real. Then f(#) is real along the real axis, negative if w>a and positive if u<a. 
So the phase of f(u) can be taken as zero along a ray from a pointing along the 
negative real axis. Make a cut along the positive real axis from a. Then the phase 
of a—u is +7 along the lower side of the cut and is —z along the upper side 
of the cut and is zero in the opposite direction. This may be represented by a 
point potential probe at a and another of opposite sign at ‘‘«” (where f(w) =o). 
We need the behavior of G,*() in the neighborhood of —iSp. In this neighbor- 
hood, for the case where S; and S2 are pure imaginary, 
(Sp? — — (Sq? — 52/2)® + — — 
We then imagine (16) performed up to near «= —1Sp and then we continue 
in toward the pole with the approximate integrand, (17). In this case, as the 
residue is positive real, the zero phase direction is positive real. The situation is 
illustrated in Figure 21. 
In Figure 21 K,, has been sketched for large p (compared with (z+/)). Then 
2ipu is mostly real so that both radicals in (3’) are nearly real and are positive. 
If we take ¢ on K,, at Q then we see the large contribution made by the Rayleigh 
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Fic. 21. Showing how the logarithmic character of G,*(«) influences the integration. 


pole to (#,).* and we also see how this decreases as z and / increase. 

One could go on to further discussion of the map of G,*() and extend this to 
the whole of each Riemann sheet. However, to keep the work relatively simple 
we map G;*() in a finite part of the 4th quadrant of the u-plane where we have 
to use it. For | «| large, approximate expressions are available. 

So we set up the map of g:*(™)u as explained in the previous section. As in- 
dicated in (16) we start at the origin where ug,*(u)=o0. We first integrate along 
the positive real axis. Along this path G,*() is real and positive. Then, taking 
off from these real values of G,*(u) on the positive real axis, we integrate down 
along lines Re «=const., into the 4th quadrant. By integrating the real part of 
gi*(u)u we get the imaginary part of G,*(u) along these lines. By integrating the 
imaginary part of g,*(u)# we get minus the change of the real part of G,*(u) from 
the real axis point down to the corresponding points in the 4th quadrant. Equi- 
level lines for Re G,*(u) and for Im G,*(u) may be drawn, and from these an 
electrolytic tank for G,;*(u) may be constructed. 

The expression (3) may be rewritten 


= — { Re [(¢ — ri (u))(t — + 2ipu)}-/2d Im G,*(u) 
Krr 


+ Im [(¢ — rz(u))(¢ — ri(u) + 2ipu)|-'/2d Re G,*(u)} 
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With this expression one can carry out the integration without great pain. The 
last step has to be done with care since this involves the formation for r, cl se to 
of 


4 d Im G,*(u(r1)) 
{Re (¢ — + 2ipu(r,))”” : 
dry, 


L 
d Re G,*(u(r1))) d(t — rr) 


18) 
dry (¢ — 


+ Im (¢ — ry, + 2ipu(ry)) 


The expression in curly brackets is slowly varying and may be replaced by its 
mean value so (18) becomes 


4 8 

— mean of { }[2(¢ — r1)"?],, = — — (t— rz) mean of { } near e. (19) 

us us 
If rz is close enough to ¢ this may be neglected. It should be recalled, however, 
in this approximation that for x small (x)!/?>~x. 

There is one neighborhood for which a little special care is required. This is 
near /= RS. {= R,S is a saddle point for r,(u). So dr,/du=o there. So at u near 


il, 


2: 


(u — il,)? 
= RS, +( ) 4. 
il 


du? 


But d?r,/du? = (s+h)S?/a'. So 
2(rz(u) — RS,)(S? — 1,7)*/? 
(u — il)? = 


(z + h)S? 
(u — il.)du = [(S? — + h) |dr 


dry 
+ h)'/? — RS,)' 
Thus (3’) and (19) give 
— 
\2S(z + h)"/2(t — + 


— 


Since if g>x>q’ 
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dx 
x)! — q’)! 2 


q 


there is a step in (#,),* at u=il, of 


gi*(il)le(S? — 
(—pl.)'/*(s + 


Thus differentiation introduces a 6-“‘function.” 

Away from r,=SR, the saddle point behavior of r,(#) at r, =SR, is an ad- 
vantage if we integrate with respect to w. 

One should also note that, for each successive /-value of a series, the integra- 
tion along K,, has to be carried out over the whole path from r,=SR, to tr, =/ 
as ¢ appears both in the integrand and in the limit of integration. 


MAPPING OF 


There are many approaches to this problem. Let us consider two of them. 
The first which we consider very briefly is to map the expression just as it stands 
in the 4th quadrant of the u-plane. This frees us to use a path different from 
K,,, for example, one made of arcs along which either Re G,*(#)=const. or 
Im G,*(u)=const. The computing advantages of such a procedure are clear. 
Another advantageous aspect is the possibility of avoiding the granular parts of 
G,*(u). If all you wish is the numbers then this is the better alternate considered 
here. 

But in this paper we seek to carry out the computation in such a way as to gain 
an understanding of the influence of the various parameters on the results. So we 
consider a second alternate. This is to calculate (¢—7r1,(u))(t—71(u)+ 2ipu) point 
by point along K,,. The real part of this is Qe=(/—7rz,)?—2(¢—rz)p Im wu. The 
imaginary part of this is Q;= 2(¢—7z)p Re u. Then we map Q-"/?=(Qr+iQ,)—"?. 
We pick off of this map Re (Q)~? and Im (Q)~'* corresponding to a sequence 
of points on K,,. Then (3’) becomes 


4 
(u-).* = — | Re (Q) Im G,*(u) + Im Re G,*(u)}. (22) 


This is the expression we use for the numerical work. 
CONCLUSION 
We have seen how to make the calculations in this note. The next note will 
give numerical results. 
The method given here may not be the best method for getting numerical 
results. Cagniard’s method has distinct advantages if all we want to do is to find 


the numbers. 
However, if we wish to observe how the variation of say Poisson’s ratio in- 
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fluences the general character of the surface waves we can see this directly as 
we carry out the calculation and analogue mapping. 

Inspection of the whole problem makes it clear that if ho then there are 
only three phases, direct P, reflected P, and reflected S. If hAo then a part of 
the Rayleigh wave begins with reflected P and is a part of it. Another part of the 
Rayleigh wave begins with reflected S. In a limiting sense (and this sense must 
be used) at s+A=0 the Rayleigh wave begins sharply. So does a surface shear 
wave (an SV wave polarized vertically) with a front travelling with the P-wave 
velocity. These singular phases can exist only for h=o. This does not mean that 
practically the SV and Rayleigh waves cannot be used when ho. It only means 
that some defined position on the wave may be followed but there will be no 
identifiable beginning. One however sees directly that for very large p the ques- 
tion of a smooth beginning becomes an ideal mathematical question which might 
as well be abandoned for practical purposes. 

Furthermore, the method for handling the general problem is now clear. 
Also it is clear that the method outlined above is not restricted to the problem of 
calculating Cagniard’s integrals. 
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REFLECTIONS FROM MULTIPLE TRANSITION LAYERS* 
PART I—THEORETICAL RESULTS 


L. H. BERRYMAN,} P. L. GOUPILLAUD,+ anp K. H. WATERS} 


ABSTRACT 


Continuous velocity logs may be approximated by a series of zones in which the velocity is a 
linear function of the depth. The reflection response of a series of transition layers may be calculated 
from an iterative type formula, developed in this paper, which is well suited to digital computer use. 
This solution takes into account multiple reflections between layers. The reflection output for any | 
input wave shape may be calculated. In this paper a Gram Charlier series pulse having a spectrum 
peaked at 40 cps is used throughout to facilitate comparison of results. 

The dependence of the reflection response of single and double layers on frequency and the reflec- 
tions for the standard input pulse are illustrated. 

It is shown that 

1. Symmetrical double transition layers give an appreciable reflection output even for a base 
thickness as low as ro ft. 

2. The upper layers of a multilayer group may influence considerably the reflection character 
from the lower layers. 


INTRODUCTION 


The large number of continuous velocity logs now available, and becoming 
available each month, has stimulated increased interest in the complicated re- 
flection process. A typical log, a portion of which is shown in Figure 1, shows 
very little evidence of the existence in the earth of homogeneous layers. Several 


methods of approximation of the velocity function are available. The approxima- 
tion which has been chosen for the work included in this paper is one which 
represents the velocity log by a series of straight-line segments. Each segment 
represents a layer of earth in which the velocity increases or decreases linearly 
with the depth. Following Wolf (1937) these layers have been called transition 
layers. The question arises as to how closely sections like AA’, BB’, and CC’ 
may be approximated by single transition layers. Also, what is the effect of a 
sharp spike such as S? 

In this paper, one method of calculation of the reflection response of such 
a system of layers will be given. A companion paper suggests an experimental 
approach to the study of multiple-transition layers. 

Peterson (1955) gives a method of making synthetic seismograms (or the 
reflection response from a layered earth) which has the advantage that it can 
incorporate the effects of automatic gain control of the amplifiers used. That 
method, however, does not allow for multiple reflections which inevitably occur 
within the system of layers. 


* Paper read at the 27th Annual Meeting of the Society at Dallas on November 13, 1957. Manu- 
script received by the Editor December 11, 1957. 
t Continental Oil Company, Ponca City, Oklahoma. 
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Fic. 1. A portion of a typical continuous velocity log. 


ANALYSIS OF THE PROBLEM 
It is assumed that all waves are plane and are at normal incidence to the 
layers considered. Further, the density (p) is considered constant throughout 
the section. Figure 2 is a graph of the assumed variation of the velocity with 
depth. 
There are \+1 layers, the velocity in the jth layer being 


= 2; + b,(z — 3;) S541. (1) 


If the velocity v(z) is a function of s and dp/dz=0, the wave equation for the 
displacement S(z, /) is 


Ov 


If now we consider the jth layer, 
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3. 2. Velocity as a function of depth for V—1 transition layers. 


The stress in the jth layer (suppressing the time factor) is 


aS; 


P = plo; + bz — (6) 
az 


The boundary conditions require that the quantities S and P be continuous 


across each of the boundaries (j=1, 2,--- , .V). 
We now define the quantity 


dS: 


T; = [», + |? (7) 
az 


This quantity 7;, when multiplied by the time factor e“' and the constant 
density p, is the stress. The boundary conditions are that S(z) and T(z) be con- 
tinuous across the boundary or the equivalent condition that the quantity 


A(z) = S(s)/T(s) (8) 


be continuous. 
Equation (5) may now be written 
dT 


+ wS; = 
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and eliminating S; from (9) and (7) we obtain 
a? 


9 T; P 
[v; + b,(z — + wT; = 0. 


The general solution of (10) is 
T; = B;* exp (a(1 — B;) In [x + — 2;)/0;]} 
+ By exp {4(1 + B,) In [1 + — 2,)/2,]} 
where 
B; = [1 — 4w?/b,?]"/?. 

It should be noted that z; is the left-hand boundary of the jth layer. The zero(th) 
layer has no left boundary, so we arbitrarily take zo=0. For the zero(th) layer, 
also, bb5=0 and v=, since this layer is one of constant velocity. 

The superscript ‘‘+” on the coefficient of the first term of (11) signifies that 


this term becomes a simple harmonic wave traveling in the direction of +2 
when 6,=o0. To see this, we note that when 3; is small 


In [x + — 2;)/0;] — 2;)/2; 
and 
3(1 — In [1 + — — — 
If, then, £,=0, the first term of (11) combined with the time factor is 
Bjteie lt 
which represents a wave traveling in the direction of +s. 


Similarly, the last term of (11) is shown to be a wave traveling in the direction 
of —z. For the zero(th) layer 


To = Bote 4+ (12) 
From (9) 
—b;e'!? In 


— Bie Bil? In (2-25) 


+ B;-(1 — (22) 


The function A(z), for the jth layer, is 
—b; Rei In 
B; 


A 3(2) 


R; = B;~/B;*. 


: 
(10) 

coe 
* 
where 

( ) 
15 
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The boundary condition at z=2z; between the regions j—1 and j is 


the solution of which for Rj-; in terms of R; is 
+ (0; — bj-1) — — Ri) )/(1 + Rj) 
b; — (0; bj-1) 6;8;(1 ~ R; + R;) 


It may now be noted that in the last region (to the right of the boundary zy) 
there is only a solution representing the transmitted wave and since By~=o, 
Ry=o. 

It may be noted, furthermore, that in the zero(th) region, Ro represents the 
ratio between the reflected wave and the incident wave amplitudes and thus 
represents the reflection response of the entire layer system. Ro= Bo—/Bo* calcu- 
lated by (17) is the reflection coefficient for waves of stress. If it is desired to 
have a reflection coefficient for displacement waves, the Ro calculated by (17) 
must be multiplied by —1. This was done in the examples. 

This iterative type of solution, although not the only one available, is well 
suited to the operation of a digital computer. 

A corresponding formula is available for V constant velocity layers. It is 


r + R; 
Rj-1 = (4 2iw (zj—2j-1) /vj—1 (18) 
1+7;R 


Bj 1 In vj/0; (17) 


R= 


v;)/(dj-1 + v;). 


Note that here the values of z, have to be given, since they are not inferable 
from the values of 2; and 8,. 

Friedman (1956) discusses, in a manner somewhat analogous to the analysis 
given here for transition layers, a solution which corresponds closely to the 
solution required for constant velocity layers. 


GENERAL COMPUTATIONAL PROCEDURE 


A program for the Bendix computer, making use of complex algebra sub- 
routines, has been developed which, starting from Ry(w)=o, finds successively 
Ry-i(w), Rwn2(w)--- and finally Ro(w)=Ao(w)+72Bo(w). Calculations of 
V Ag 2(w) + Ber(w) (w) and @=arctan Bo(w)/Ao(w) are made at the same time, to 
give the amplitude and phase response (the transfer function) of the system 
of layers as a function of frequency. 

A constant velocity layer, for which =o, requires special consideration. If 
the value zero is substituted directly for 5; or 6;—; in formula (17), the result is an 
indeterminant expression for R;_;. There are several ways to avoid this difficulty. 
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A determinant expression, the limit as 6-0, for the right-hand side of (17) is 
easily derived, and this can be put into the program and used for this special 
case. We have found it more expedient, in this case, however, merely to sub- 
stitute a small value (0.001 in the examples) for 6 rather than zero. The effect 
on the computation is negligible. Furthermore, w=o results in an indeterminant 
expression for Ro(o), but it can be shown that this particular value is given by 
the simple formula 


In order to present results having some resemblance to seismic records, it is 
necessary to obtain the reflection for an incident pulse rather than an incident 
steady state wave. This requires that we superpose the steady state solutions 
in the first constant velocity layer. The reflected pulse is then given by the follow- 
ing Fourier intergral 


where g(w) is the complex spectrum of the incident pulse. 

To facilitate comparison of results given in this paper, the same incident 
pulse has been used for all of the examples. It was chosen to be a Gram Charlier 
pulse of the type described by Horton (1955). Its shape is shown in Figure 3, 
and its amplitude spectrum, which peaks at about 40 cps, is shown in Figure 4, 


RESULTS 


The results which are given in the figures which follow are grouped in ascend- 
ing order of complexity of the layer system. On all figures, the frequency scale 
is in cps. In the description of these curves, the quantity [Ao?(w)+ Bo%(w) }'”” 
is called the amplitude characteristic, that is, the absolute value of the complex 
quantity Ro(w) and the quantity ¢=arctan By(w)/Ao(w) is called the phase 
characteristic. 

The figures which illustrate the continuous velocity logs were, for conven- 
ience, traced directly from the continuous velocity logs and hence have a non- 
linear velocity scale. The straight lines drawn on these figures to show the ap- 
proximations used in calculation simply connect the terminal points of the 
transition layers and should not be interpreted in any other way. 


Group I 


In this group, the response of single transition layers are considered. Figure 5 
shows the amplitude and phase characteristics of a single transition layer which 
has a linear increase of velocity from 7,000 ft/sec to 12,000 ft/sec over a 
depth increment of 50 ft. The gradient (b) is therefore 100 ft/sec/ft. 
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AMPLITUDE 


Fic. 3. The incident pulse. 


FREQUENCY 


Fic. 4. Amplitude spectrum of incident pulse. 
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Fic. 5. Amplitude and phase characteristics for single transition layer 
(b= 100 ft/sec/ft). 
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The amplitude characteristic shows a gradual decrease from o to 93 cps, at 
which point the amplitude response is zero. Extension of this curve to higher 
frequencies would have shown another peak at about 140 cps and another zero 
at about 185 cps. A characteristic of single transition layers is an amplitude 
characteristic having an infinite number of peaks, decreasing in height with 
increasing frequency, and spaced about midway between almost equally spaced 
zeros. The phase characteristic is almost linear, with discontinuities at the zeros 
of the amplitude characteristic. The five dots on this figure serve to outline the 
spectrum of the incident pulse, with its peak at about 4o cps. Since the amplitude 
characteristic has a negative slope in this region, we would expect the reflected 
pulse to have relatively more low-frequency content than the incident pulse. It 
will be noted that at the spectrum peak, the amplitude characteristic has a 
value nearly equal to 0.19. This turns out to be very nearly the reflection coeffi- 
cient for the incident pulse. 

The reflected pulse from this system is shown in Figure 6. The vertical scales 
in all figures have been selected for convenience of representation. The same 
units, however, were used throughout. Any comparison of sizes of reflections 
must therefore take into account the graphical scale change. 

The ratio 


Reflection Amplitude (peak to peak) 


Incident Amplitude (peak to peak) 


will, in this paper, be called the reflection coefficient, and in this case, is about 
0.18, a value close to the predicted value derived by consideration of Figure 5s. 
The smaller, dashed curve is an inverted replica of the incident pulse (not to the 
same vertical scale). The reflection, in this case, does not differ much in shape 
from the incident pulse, but is somewhat ‘‘stretched out,” indicating a slightly 
lower frequency pulse, as was also predicted from Figure 5. 

In Figure 7 is shown another example of a single transition layer. In this 
example, the velocity increase is the same as that for the previous example; 
it occurs, however, over a depth increment of 100 ft. The gradient is 50 ft/sec 
/{t. The amplitude characteristic shows here more of the successively decreasing 
peaks and the first zero now occurs at a lower frequency. The spectrum of the 
incident pulse now has its peak falling near the frequency for the first zero in 
the amplitude characteristic curve. Because of this, the main frequency of the 
incident pulse is attenuated severely, and the reflected pulse (Figure 8) suffers 
a radical change of shape. The reflection coefficient predicted from the amplitude 
characteristic curve would be about 0.04, and this compares with an actual value 
of 0.05. 

Figure 9, given here mainly for comparison purposes, shows the reflection 
generated by an approximation to this same transition layer. In this case, the 
transition layer was approximated by 20 constant velocity layers, and the results 
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Fic. 6. Reflected pulse from the transition layer (b= 100 ft/sec/ft). 
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Fic. 7. Amplitude and phase characteristics for single transition layer (b= 50 ft/sec/ft). 
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Fic. 8. Reflected pulse from the transition layer (b= 50 ft/sec/ft). 
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AMPLITUDE 


TIME (SECONDS) 
Fic. 9. Reflection from transition layer (b= 50 ft/sec/ft) approximated by 
20 constant velocity layers. 


derived by use of equation (18). The reflection is almost identical to that of 
Figure 8, thus providing a check between two different methods and at the 
same time giving an idea of the effectiveness of such an approximation. 


Group II 


This series of examples of symmetrical double transition layers was designed 


to ascertain to what extent, if any, single sharp velocity spikes of a velocity log 
may be smoothed out. Figure 10 shows the amplitude characteristic of such a 
symmetrical pair of transition layers. The velocity change for each layer is the 
same as for the single transition layers already considered and the base thickness 
is 200 feet. For this spike the gradients are 


FREQUENCY 


Fic. 10. Amplitude characteristic for symmetrical velocity spike (base 
thickness = 200 ft). 


- 
232 
15 
J, 

FT 

100 FT. 
“5 

12000 FT/SEC. 
200 FT. 
2 1 

ee fe) 20 40 60 80 100 120 140 


REFLECTIONS FROM MULTIPLE TRANSITION LAYERS, I 


REFLECTION AMPLITUDE 
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Fic. 11. Reflection from symmetrical velocity spike (base thickness= 200 ft). 


= sec/ft 
by ft/sec /ft 


The amplitude characteristic is strikingly different from the single transition 
layer characteristic. The first maximum is now at about 17} cps instead of o, 
and the zeros of the amplitude characteristic are more rounded. The reflection 
is given in Figure 11. The actual reflection coefficient is 0.09, a value considerably 
greater than the estimate made by the previous methods and the reflection wave 
shape is greatly distorted. 

Near the other extreme of base thickness, the next example, having the 
amplitude characteristic given in Figure 12, has a base thickness of only 25 ft. 
This corresponds to a rather sharp spike on the typical velocity log. The peak of 
the incident spectrum corresponds to a reflection coefficient of nearly 0.18. This 
is another predicted value which turns out to be good. The positive slope of 
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Fic. 12. Amplitude characteristic for symmetrical velocity spike (base thickness= 25 ft). 
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Fic. 13. Reflection from symmetrical velocity spike (base thickness= 25 ft). 


the curve in this region suggests that the reflection will have a higher frequency 
content than the incident pulse. The reflected pulse, shown in Figure 13, has 
the predicted characteristics. 

Since this 25-foot-thick velocity spike gives such a large reflection, it was 
decided to study an even sharper spike. Figure 14 shows the reflection from a 
velocity spike of 10-foot base thickness. Its reflection coefficient is still 0.08, an 
appreciable value. The wave shape of the reflection is curious. It looks like the 
incident pulse inverted and turned around in time. The same thing is true for 
the reflections from velocity spikes of base thickness 50 and 75 ft shown in 
Figures 15 and 16, respectively. This is mentioned as a curiosity only and no 
general conclusions should be drawn, since it is probably true only for the par- 
ticular input pulse used. 
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. 14. Reflection from symmetrical velocity spike (base thickness = ro ft). 
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Fic. 15. Reflection from symmetrical velocity spike (base thickness= 50 {t). 


Group III 

In these groups, the effectiveness of replacing a series of sharp velocity 
spikes by a single transition layer has been studied. Figure 17 shows the shape 
of a pulse produced from an asymmetrical double transition layer in which the 
velocity rises from 7,000 ft/sec to 17,000 ft/sec and back to 12,000 ft/sec. 
It will be noticed that the terminal velocities and the total depth increment 
(so ft) are the same as for the case considered in Figures 5 and 6. However, a 
consideration of the pulse size and shape of Figure 17, compared with Figure 6, 


12000 FT. /SEC. 


AMPLITUDE 


REFLECTION AMPLITUDE _ 36 
INCIDENT AMPLITUDE 


Oo 02 06 10 
TIME (SECONDS) 


Fic. 16. Reflection from symmetrical velocity spike (base thickness=75 ft). 
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Fic. 17. Reflection from an asymmetrical velocity spike (thickness= 50 ft). 


shows that the actual reflection coefficient is about twice that for the transition 
layer alone, while the pulse of Figure 17 has a higher frequency than that from 
the single transition layer. 

The next possibility considered is that of more than one double transition layer 


being approximated by a single transition layer joining the two terminal veloci- 
ties. The response of such a system of five transition layers is shown in Figures 
18 and 19. In this system, the velocity starts at 7,000 ft/sec, rises to 17,000 
ft/sec and returns to 7,000 ft/sec twice, and finally rises to 12,000 ft/sec. 
The amplitude characteristic of this system is very different from that of a single 
transition layer of the same total depth increment (Figure 5). Nevertheless, the 
time response for our standard pulse approximates fairly closely the output of 
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Fic. 19. Reflection from the series of velocity spikes. 


the single transition layer (compare Figure 19 with Figure 5). The over-all reflec- 
tion coefficient is very nearly the same but the pulse appears to start earlier than 
that for a single transition layer, and there is a high frequency variation in the 
tail which does not appear in the reflection from the single transition layer. 


Group IV 

In this group are considered some of the effects which may arise in a com- 
plicated velocity log when the incident pulse as well as the reflected pulse from 
one system of layers has to pass through another system of layers. 

Figure 20 illustrates approximately 2,000 ft of a continuous velocity log, 
designated Log No. 1. It has been divided into two sections. Section B includes 
only that part of the log between approximately 8,000 ft and 8,280 ft. It has 
been approximated by a series of straight lines as shown. For the investigation 
at hand, the effects of such an approximation are immaterial. 

Section A, from about 7,400 ft to 8,280 ft, includes all of Section B. It again 
is approximated by a series of straight lines. The same approximate straight 
lines are used for the portion B as were used before. 

Figure 21 gives the reflection from Section B of Log No. 1. Figure 22 gives 
the reflection from Section A (which includes Section B). The reflection from 
Section B has been shifted along the time axis so that it comes in at the correct 
time for comparison with the response from Section A and has been repeated in 
Figure 22 as the dashed curve. The most obvious effect of the upper layers of 
Section A is the reduction in amplitude of the reflection from Section B. Apart 
from this, however, there is a shift in time of arrival of some of the peaks and 
troughs of the reflection from Section B. The average frequency of the reflection 
from Section B is practically unchanged. 

Figure 23 shows a portion, from 4,800 ft to 6,760 ft, of a second velocity 
log, designated Log No. 2. This again has been divided at approximately 5,740 
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Fic. 21. Reflection from Section B of Log No. 1. 


ft, the portion below this being called Section B. The entire portion of the log 
displayed is called Section A. 

Again, the reflection from Section B alone is displayed in Figure 24, shifted 
along the time axis to agree with its true time of arrival in comparison with 
Fig ire 25, the reflection from Section A. Also, the reflection of Figure 24 is 
repeated again in Figure 25. Now, in addition to a great reduction in size of the 
reflection due to the presence of the upper portion of Section A, the reflection 
from Section B has been changed in frequency and over-all “character.” 
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Fic. 22. Reflection from Section A of Log No. 1. The dashed curve is the reflection from Section B. 
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An event shown in Figure 25 with a peak at 0.304 sec is not much in 
evidence in Figure 24 and thus represents a multiple reflection. 


RECAPITULATION AND CONCLUSIONS 


1. A method of calculating the reflection response (transfer function) of a 
system of transition layers of variable velocity but constant density has been 
given. The iterative formula given is suitable for use in a digital computer. 

2. The reflection response of such a system of transition layers for an arbi- 
trary incident pulse may be obtained by multiplying the complex transfer func- 
tion by the complex spectrum of the input pulse. 

3. A Fourier synthesis gives the reflection response in the time domain. This 
reflection pulse will include all multiple reflections. 

4. All of the results presented in this paper make use of one particular input 
pulse (a Gram Charlier series pulse having a peak in the frequency spectrum 
near 40 cps). This should be borne in mind in drawing conclusions from some of 
the examples, since many of the results are sensitive to the frequency spectrum 
of the input pulse. 

5. Usually, but not always, the amplitude of the reflection coefficient lies 
close to the value of the transfer function of the system of layers at the frequency 
corresponding to the peak of the frequency spectrum of the input pulse. Excep- 
tions usually occur when the peak of the input pulse spectrum lies close to a 
null in the transfer function of the system of layers. 

6. Symmetrical double transition layers having base thicknesses down to 10 
feet still give surprisingly large reflection coefficients from an input pulse of 
predominantly 40 cps. For higher frequency imput pulses, the reflection coeffi- 
cient will be even higher. 

7. There is no evidence from these examples that any method of smoothing 
out the velocity function is valid, although it may be possible to approximate 
roughly the response of a series of positive and negative spikes by a single 
transition layer if the size of the spikes is small compared with the over-all 
velocity change in the system. 

8. The reflection character from any given set of transition layers (B) is 
generally profoundly changed by sets of transition layers (A) which lie above (B) 
and through which both the input pulse and the reflection from (B) have to pass. 
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REFLECTIONS FROM MULTIPLE TRANSITION LAYERS* 
PART II—EXPERIMENTAL INVESTIGATION 


L. H. BERRYMAN,? P. L. GOUPILLAUD,? K. H. WATERS 
ABSTRACT 


It has been shown that the velocity of longitudinal waves in a nylon rod is a linear function of 
the temperature for the range 20°C. to 100°C, 
Use is made of this property to study reflections from multiple transition layers. 


INTRODUCTION 


In Part I of this paper, a theoretical approach has outlined some of the 
features of reflections from multiple transition layers. This part suggests an 
experimental approach by which some of the results presented there can be 
investigated. Since this approach is relatively simple, it may be possible to 
extend this method to a large number of layers and, in this manner, to make 
approximate synthetic seismograms very quickly, without the labor and time 
involved in the digital computation process. 


METHOD 


A survey of the various ways in which the elastic moduli of substances could 
be varied disclosed the fact that there are a number of substances for which the 
elastic moduli are sensitive to temperature. Copper appeared at first to be a 
convenient material but, for reasons which are only partly understood, the 
velocity variation with temperature for the specimen of copper used was not as 
large as expected. 

Nylon, however, was found to be a suitable material. For longitudinal waves 
propagated along the axis of a thin rod, it was shown experimentally that the 
velocity variation with temperature is practically linear. In Figure 1, the ex- 
perimental points are plotted and the velocity may be approximated within 
the range 25°—100°C. by the formula 


V = 6920 — 406.00, 


where V is the velocity in feet per second and @ is the temperature in degrees 
centigrade. 

The literature on elastic waves in cylindrical rods is extensive (for references, 
see Ewing, Jardetsky, and Press (1957) p. 323 et seq.). For a rod whose diameter 
is small compared with the wave length of the longitudinal waves, there is no 
dispersion and the phase velocity Cy is given by 


* Paper read at the 27th Annual Meeting of the Society at Dallas on November 14, 1957. Manu- 
script received by the Editor December 11, 1957. 
t Continental Oil Company, Ponca City, Oklahoma. 
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Fic. 1. Longitudinal wave velocity in thin nylon rod as a function of temperature. 


Co = V 
p 


where £ is Young’s modulus and p is the density. Other types of waves may be 
generated in cylindrical rods; however, in the equipment used, these waves 
were produced only with comparatively small amplitudes, and the detector 
system was insensitive to such types of waves. 


EQUIPMENT 


The first form of the equipment was rather crude, but it may be of interest 
since it shows how significant results may be obtained with the minimum of 
expenditure. Figure 2 shows the arrangement diagrammatically. A nylon rod 
6 ft long and } inch in diameter is supported by three wooden blocks. A thin 
copper plate is cemented to one end of the rod and is used to complete a circuit 
whenever it is hit by the spring hammer. This circuit provides a time break as 
well as a synchronizing pulse for the horizontal sweep of the oscilloscope. 
The wave traveling along the rod is picked up by a variable reluctance-type 
phonograph cartridge which is mounted on an arm at right angles to the rod. 
An adjustable counterweight gives control of the pressure on the stylus. The 
output of the cartridge is fed to a preamplifier and thence to the vertical input 
of the oscilloscope. 
The hammer consists of a thin spring steel strip, one inch wide and four 
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Variable Reluctance 
Phonograph Cartridge 
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Fic. 2. First experimental apparatus for investigating reflections from multiple transition layers. 


inches long, on which is bolted a short piece of copper rod used as a hammer 
head. The upper end of the steel plate is rigidly fastened to a solid support. 
This arrangement provides a very simple and convenient source for substantially 
identical pulses. Once the amount of bending of the spring strip and the distance 
between the end of the rod and the equilibrium position of the hammer head 
has been properly adjusted, a single pulse of substantially constant amplitude 
is generated for each release of the hammer. 

Finally, the velocity gradient in the rod is obtained by surrounding part of 
the rod with heating coils supplied by the output of Variac transformers. It is 
possible in this way to approximate a system of transition layers within a seg- 
ment of the rod. While it might be difficult or impossible to simulate any given 
section of a velocity log by such simple procedures, we have found it easy by 
these methods to generate velocity variations which are typical. The temperature 
of the rod is measured by a number of closely spaced thermocouples inserted in 
very fine holes drilled diametrically through the rod. Records taken before and 
after drilling the holes indicate that scattering of the waves is not detectable. 

Figure 3 shows some records taken with this simple equipment. The pickup 
was three-fourths of an inch from the transmitter end of the rod. The following 
events appear on each trace: 

(1) The transmitted wave moving toward the left 

(2) The reflection from the heated zone 
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Fic. 3. Typical records obtained with first apparatus. Temperature 
at center of heated zone increasing from top trace downward. 


(3) The reflection from the left end of the rod, which has passed through the 

heated zone twice. 

The various traces, starting from the top, correspond to temperatures of 
36°, 45°, 60°, 80° and 100°C. in the center of the heated zone. The increase in 
the size of the reflection is remarkably evident. A typical graph of the velocity 
variation (for center temperature 85°C.) is shown in Figure 4. The depth of the 
spike is in all cases proportional to the center temperature. 

Figure 5 shows the same type of results, but with the heating coil located 
close to the center of the rod. At this point, however, there is more complexity 
due to the possibility of several waves arriving close together. Just before the 
last pulse there may be seen a multiple which has been reflected twice from the 
heated zone and once from the transmitter end of the rod. The various traces, 
starting from the top, correspond to successive increases in temperature at the 
center of the heating coil from 32°C. to 154°C. 

A different version of the equipment is illustrated in Figure 6. The striking 
hammer was replaced by a Brush ceramic B type transducer in the form of a 
one-half inch disk. A voltage pulse was applied by means of an oscillator, a 
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I'ic. 5. Typical traces taken with the heating coil near the center of the rod. Temperature at 
center of heated zone increasing from top trace downward. 
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Fic. 6. Second form of the experimental apparatus. 
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pulse shaping circuit, and an amplifier. The detector was a similar transducer 
at the other end of the rod. 

Figure 7 is a photograph of a typical record when one heating coil is located 
about 18 inches from the detector end of the rod. The velocity variation in the 
heated zone is that shown in Figure 4. The bottom trace was obtained when the 


1G. 7. Typical records obtained with the second experimental apparatus. From the bottom up: 
a) record obtained before heating; b) record obtained after heating; c) mag- 
nification of shape of first pulse. 


entire rod was at room temperature. The second trace shows the record obtained 
after the heated zone had been maintained for some time. The large first signal 
is the arrival of the pulse transmitted through the heated zone to the detector 
end of the rod, then comes a reflection of this pulse from the heated zone, followed 
by a pulse which has first been reflected back to the transmitter end and then 
has traveled the length of the rod to the detector. Finally, a pulse is received 
which has traveled three times the length of the rod, having suffered reflection 
once at each end. The upper trace is a magnification of the first pulse. The spec- 
trum of this pulse peaks sharply at 12,500 cps. 

The reflection coefficient Ro(w) for the system of transition layers shown in 
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Figure 4 was calculated by the method of Part I. The amplitude characteristic, 
which is the absolute value of the complex function Ro(w), is shown in Figure 8. 

As pointed out in Part I of this paper, a fairly good prediction of the reflection 
coefficient for the incident pulse, i.e., the ratio 


reflection amplitude (peak to peak) 


incident amplitude (peak to peak) 


is the value of the amplitude characteristic at the frequency corresponding to 
the spectrum peak. As read from the amplitude characteristic, this value is 
0.18. 


AMPLITUDE CHARACTERISTIC 


i 


10 15 20 25 
FREQUENCY (1000 CYCLES/SEC ) 


Fic. 8. Amplitude characteristic as a function of frequency for the velocity shown in Figure 4. 


The ratio of amplitudes taken from Figure 7 gives the value 0.12 for the 
reflection coefficient. However, there are losses in the rod and at the ends which 
make the reflected pulse smaller than it would be otherwise and these would 
have to be taken into account.in any accurate estimate of the observed value 
of the reflection coefficient. These effects, if properly taken into account, would 
undoubtedly bring the observed and predicted values of the reflection coefficient 
into agreement. 

The end losses are difficult to estimate in this apparatus, but obvious refine- 
ments can eliminate the effects of these losses on the reflection. We believe it is 
possible, by these simple techniques, to obtain accurate quantitative results for 
systems of transition layers induced by temperature gradients. 


CONCLUSIONS 


The variation of longitudinal wave velocity with temperature in a nylon rod 
may be used to give reflections from multiple transition layers. By arranging 


a= 
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the heating elements properly, and measuring the temperature with very fine 
thermocouples passing diametrically through the rod, it is possible to approximate 
many velocity distributions encountered in continuous velocity surveys. The scat- 
tering due to the thermocouple holes is inappreciable. 

In using this method to give the reflection output from a series of transition 
layers, care has to be taken in scaling. 

The results of the use of such a model have given qualitative agreement with 
theory. It is believed,that obvious further refinement will lead to good quantita- 
tive agreement. 

ACKNOWLEDGMENTS 

The authors wish to thank Mr. Graydon R. Brown for his help with the 
electronics. We wish also to thank Continental Oil Company for giving permis- 
sion to publish this paper. 

REFERENCE 


Ewing, W. M., Jardetsky, W. S., and Press, Frank, 1957 Elastic waves in layered media: New York, 
McGraw-Hill Book Company, Inc., p. 323 et seq. 


: 
fe 
= 


PP. 253-266, 12 FIGS. 


GEOPHYSICS, VOL. XXIII, NO. 2 (APRIL, 1958), 


TRANSMISSION AND REFLECTION OF RAYLEIGH WAVES 
AT CORNERS* 


J. CL. bE BREMAECKER# 


ABSTRACT 


The methods of two dimensional model seismology were used to investigate the phenomena 
occurring when a Rayleigh wave is incident upon a corner whose angle is comprised between o° and 
180°. The wave bends its path only for angles between 130° and 180°. For smaller angles large and 
abrupt variations in reflection and transmission occur; the wave travels to the extremity of the 
corner and never “‘cuts corners”; only about 50 percent of the energy of the indicent surface wave is 
preserved as such, the rest goes into body waves; for a go° corner the proportion is about 23 per- 
cent in P and 26 percent in S, with sharply preferential angles of incidence. The percentages given 
were found for a “plate Poisson’s ratio” of 0.17. 


INTRODUCTION 


The phenomena which take place when a Rayleigh wave is incident upon a 
corner are of special interest to both pure and applied seismologists as a pre- 
liminary step to understanding the phenomena involved when a surface wave 
travelling in one medium continues into another one. The boundary conditions 
are simple, but the mathematical solution of the problem is unknown at present, 
principally because the incident surface wave generates both body waves and 
surface waves, and because the amplitude of the former depends on their angle 
of incidence. On the other hand the problem is particularly well suited to model 


experiments. 

The technique and the apparatus developed by Oliver and others (1954) 
were used throughout this work. Only one modification was made: A variable 
band-pass filter was placed in the receiving circuit with its peak at 40 kc. The 
reason for this is that the attenuation varies with the frequency so that a narrow 
frequency band is desirable. Except when stated otherwise, the normal component 
of motion was measured. 

The material used with the best results was a polystyrene sheet 1.6 mm (1/16 
inch) thick, originally in rectangular shape 51 by 104 cm (20X41 inches). This 
material has the advantage of a small attenuation and a low wave velocity (Plate 
velocities: mm/ysec or km/sec; vs1.15 km/sec; ‘plate Poisson’s 
ratio”: o=0.17). The latter factor is important as it results in relatively short 
wavelengths for any given frequency. 


* Lamont Geological Observatory, Contribution No. 281. Presented in part at the meeting of the 
Seismological Society of America in Reno, Nevada, April, 1956. Manuscript received by the 
Editor February 27, 1957. 

t Institut pour la Recherche Scientifique en Afrique Centrale (I.R.S.A.C.), Bukavu, Belgian 

Congo. 
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ATTENUATION 


The method used to determine the attenuation follows; an analogous method 
could perhaps be used in earthquake work. The two receivers 7; and r2 (Figure 
1) are located between the transmitters s; and se; the various distances are indi- 
cated on the figure. First, a pulse is sent from s,. Let the attenuation be g, the 


Fic. 1. Arrangement used for measuring the attenuation. 


amplitude of the surface wave at 7; be D;, at rz be 7;. The same experiment is 
then performed by sending a pulse from s2. The following equations are pertinent: 


dD, S:R,A 


Dz = S2R2A2e79? 
Ti = S\R2A e (ite) 
= 


where 
S; and S; are the amplitudes of the wave respectively at s; and 52, 


R, and R; are the amplifications respectively between receivers 7; and re, and 
the oscilloscope, 

A,, As, Ai’ and A?’ are factors which take into account the directivity of the 
receivers. Their existence is due mainly to the practical impossibility of setting 
the axis of the barium titanate transducer exactly perpendicular to the top of the 
sheet, in which case the recorded motion differs from the vertical motion. For 
reasons which are not well understood, these factors differ for the two directions 
which are possible along the edge of a plate. 

A;, characterizes the response of 7; for a pulse travelling from left to right, 

As, the response of rz for a pulse travelling from right to left, 

A;’, the response of r; for a pulse travelling from right to left, 

Ag’, the response of r2 for a pulse travelling from left to right. 

It thus follows that 


The results are shown in Figure 2. The attenuation thus found is 5 X 10-*/cm- 
Similar measurements were made with the filter peaked at lower frequencies 
and with the filter more open; this confirmed the law g=x/(Q v 7) given, for 
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Fic. 2. Determination of the attenuation. 


instance, by Birch (1942) concerning the frequency dependence of the attenua- 
tion. In every case care should naturally be taken to beware of variations due, 
for example, to the polymerization of the plastic used. 


TRANSMISSION AND REFLECTION 


Exactly the same technique can be used for measuring the effect of the 
corner (Fig. 3.) In this case the relevant equation is easily shown to be: 


A,A2 log T? + 
= —— — log T? 
TiT>2 A;' A?’ . 


where T is the coefficient of amplitude transmission, and hence 7° that of energy 
transmission, and x=2,+2». 

It is desirable to reduce the first term to a minimum; this can be done by 
matching the probes in a preliminary experiment without corner so as to obtain 
a zero intercept. The probes have then to be kept in the same orientation. 

The reflection coefficient is found from the measurements of the incident 
(D;) and reflected (R:) Rayleigh waves; the relevant equation is 


~=| log R + 
og — = log —— — log 2gx 


1 


where R is the coefficient of amplitude reflection and hence R? that of energy 
reflection. 

From the definition of A; and A,’ it follows that, if the receiver is turned 
180° around its axis, the terms A; and A,’ have to be interchanged in the last 
equation. Since log (A1/A1’) = —log (A1’/A)) it is possible, by this method, to 
average out the first term, but, for practical reasons, this could not often be 
done. 

The experiment was performed for angles (a) spaced every 10° between 0° 
and 150°, at which point the interpolation between the values thus obtained and 
the values at 180° becomes permissible. Figures 4 to 7 have been selected as repre- 
sentative. In the part of the figures showing reflection data a circle indicates 
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Fic. 3. Arrangement used for measuring the effect of the corner. 
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Fic. 4. Transmission and reflection at a 60° corner. Average scattering. 
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Fic. 6. Transmission and reflection at a 120° corner. Large scattering. 
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Fic. 7. Transmission and reflection at a 70° corner. Small scattering. 
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data obtained with one set of transmitter and receiver, and a cross that obtained 
with the other set. A number next to a cross indicates how many observations 
gave the same result. In Figure 6, where the scattering is large, the two lines 
drawn through the reflection data represent, one the most probable value (6.7 
percent), the other the highest value that the data could support. 

It should be pointed out, first, that the slope of the lines shown in the diagrams 
confirms the value of g previously found; secondly, that the scatter varies widely 
(in the cases where it was large, it was always attempted to make more measure- 


% of 


energy 


80 


30 120 150 
Angle 


Fic. 8. Values of the coefficients of transmission and reflection and of the energy 
transformed into body waves, as a function of the angle. 


ments than in the other cases); thirdly, that in cases where the scatter is small, 
it suffices to make measurements in a small number of places to get an excellent 
check on the accuracy, since the attenuation is known; finally, that when the 
angle and/or the coefficient under determination are small, it may be very 
difficult to find places for the receivers and/or the transmitters which will insure 
that the reading is reasonably free from unwanted reflections. This last factor 
often limited the number of possible measurements. 

From the diagrams thus obtained one can plot the values of the coefficient 
of transmission of energy (7?) and of reflection of energy (R?) as a function of 
the angle (a). This is shown in Figure 8. The coefficients are expressed in percent 
of the incident energy. The quantity U?= 100—(T?+ R*) = P?+S? measures the 
fraction of the energy which is incident upon the corner as a surface wave and is 
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converted into P waves, S? that into S waves. U® is plotted versus the angle in 
the same figure. The values of the coefficients shown in this figure are correct 
to within 10 percent of their value in most cases and in the worst cases to within 


20 percent of their value. 
Several features of this diagram are noteworthy: 


I) 


3) 


4 


) 


5) The values of these coefficients are presumably strictly correct only for a 


The right angle corner is in no way a point of symmetry or indeed a re- 
markable point in the diagram. One will notice, for instance, that the 
reflection is stronger and the transmission weaker at a 100° angle than at 
a go° angle; likewise the reflection at an 80° angle is extremely small 
whereas the transmission is conspicuously large. 

Between 130° and 180° the transmission coefficient increases regularly. 
This probably indicates that, for these angles, the energy is really trans- 
mitted around the corner and that the distortion of the elliptical paths 
of the particles in the corner region is the predominant phenomenon here. 
When the angle becomes inferior to 130° other phenomena become pre- 
dominant. It is impossible to give a quantitative picture of these, but it 
appears certain that the incident surface wave is essentially annihilated 
and gives rise to a disturbance differing in magnitude in different orienta- 
tions. This disturbance then produces one surface wave along each side 
of the corner, and also body waves whose energy depends on the angle 
of incidence. It is thus incorrect to view the Rayleigh wave as “turning 
around the corner” when the angle is smaller than 130°. For the same 
reason the wave does not “cut corners”: this is proved by the fact that 
the travel time of the transmitted wave is equal to that necessary for the 
wave to travel to the end of the corner and thence to the receiver. It can 
also be shown by sending a Rayleigh wave along the side of an extremely 
sharp corner (say 10° or 20°): If the setting of the filter is such that only 
wavelengths smaller than two or three cm pass through, it is sufficient to 
touch the very end of the corner with the hand in order to stop the trans- 
mission completely. Finally, for physico-mathematical reasons it is par- 
ticularly difficult to imagine how a surface wave could essentially leave 
the surface to take a shorter path, and what the paths of the particles would 
be in these circumstances. 

The extremely strong and sharp variations of the transmission and 
reflection coefficients in this region are also remarkable. On the other 
hand, the fraction of energy transformed into body waves (U?) is fairly 
constant, especially between 10° and 100°. Due to the first fact it is im- 
possible to be certain that some minor fluctuations have not been missed, 
but the closeness of the observations precludes any important oversight. 
The shape of the curves for angles between 0° and 10° is open to question 
as are, indeed, their ordinates for a 0° angle. 
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material with a ‘“‘plate o”’=0.17. How much they might differ for a differ- 
ent value of o cannot be said at present. 


GENERATION OF BODY WAVES 

The existence of body waves generated by Rayleigh waves was experimentally 
demonstrated for a go° corner. For this purpose a quarter circle was used, and all 
waves were recorded on the perimeter. Both P and S were found; they will be 
designated RP and RS. Because of the normal angle of incidence S produces no 
normal motion; hence a bimorph, i.e., a sandwich of two barium titanate trans- 
ducers sensitive to flexion, was used for its detection. The path of the surface 
wave to which RP and RS were compared is shown on Figure 9. It is realized 


Fic. 9. Path of RP and of the surface wave used for comparison. 


that this is not an ideal situation; but, for comparison, it is necessary to use the 
surface wave “transmitted” by the wave which generated RP or RS and not 
the wave travelling in the other direction, inasmuch as the transmitters are 
generally somewhat directional, just as the receivers. Since the body waves are 
always incident at right angle upon the surface of the quarter circle, the recorded 
amplitude is twice the incident amplitude. Furthermore, the wavelengths used 
are small compared to the radius of the circle so that the effect of the curvature 
upon the surface wave is negligible. 

The problem now arises of how to compute the attenuation of body waves. 
As remarked by Birch (1942) Q is different for different types of waves. This is 
particularly true if the material under consideration is, for instance, a solid near 
its melting point so that it attenuates shear waves much more than body waves. 
In the present case, however, it is thought that no serious error will be made by 
using the same value. This is also essentially in accordance with the use that has 
been made of it by Ewing and Press (1954). In the particular case under con- 
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sideration the period is fixed by the peak of the filter; hence, the attenuations 
are inversely proportional to the velocities. 

Using the classical formulae for the energy in surface and in body waves, 
it is now possible to compute the energy in each type of wave. It must be noted 
that the formulae used below refer to a three-dimensional case, but the ratio of 
energies will not be changed for a two-dimensional one. 

For the RP wave one finds per unit area (Bullen (1947), p. 126): 


(we will write Zp instead of Erp to simplify the writing) where 
p is the density, 
Ap the wave length, 
Cp the real amplitude, 
Tp the period. 
Hence, using the observed amplitude Co: 


Ep = 3m°pdpCop*T p 


To get the energy at the corner, Epc, one has to multiply Cop by e”%e"e!*r, 
where r is the radius of the quarter circle and ger the attenuation for surface 
waves. Hence 


Epc = p\ pT 


For the energy of the Rayleigh wave incident at the corner one finds similarly 
(Bullen (1947), p. 232) 
1.26 


Ere = —— rprAT ?T te? 
(0.62)? 


where w is the length of arc as shown in Figure 9, uy is the amplitude of the verti- 
cal displacement. Hence per unit area: 


Epc (0.62)? prT RC p? 


Ere 2.52ARuUy" 


Using the experimental fact that Ap/Ar=vp/de = 1.64 and the values for g and T 
found above, as well as the value used for r in the experiment: r= 47.2 cm, one 


finds: 
Epc Cop\? 
Erc uy 


To find the ratio of the total energy incident as P on the quarter circle to 
the energy incident as Rayleigh wave on the corner, one will thus make observa- 
tions along the quarter circle, compute Epc/Erc at each point, compute the 
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average value (Epc/Eprc), and multiply by the area (74.14 cm’), this figure 
being computed for a nominal unit thickness. 

The values of Epc/Erc along the quarter circle are shown by circles on Figure 
10. It will be noted that, for clarity’s sake, these values are plotted using the 


Fic. 10. Variation in the energy of RP and RS along the quarter circle. 


quarter circle as zero line. It is not thought that every fluctuation shown on this 
figure is real, but the general pattern showing a gradual increase from both sides 
of the corner toward an angle about 30° from the horizontal is certainly correct. 
The difficulties of measurement are particularly great for body waves. They 
were principally due to numerous interferences from reflections and surface 
waves and to the smallness of RP or RS compared to the background. Often a 
satisfactory measurement could only be obtained by effectively cancelling the 
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surface wave with the hand and making readings both with and without the 
desired quantity. 
From Figure 10 one finds: 


(Epc/ Enc) = 3.99 X 10% 


and hence for the total on the quarter circle: 


9 


Epcr/Erc = 3.99 X 10°* X 74.14 = 29.6% = P?. 


This, then, is the fraction of energy which is incident upon the corner as a surface 
wave and is converted into P waves. 

The computations for S are absolutely similar. Only SV is considered; hence, 
uy is used for comparison and, after reduction, taking into account that vsvpr 


one finds 


Cos\? 
Esc/Erc = 0.0446e~”" 


The observed values are shown by crosses on Figure 10. The remarks made 
about the variation of Epc/Erc apply here too. 
From Figure 10 one also finds: 


(Esc/Erc) = 4.68 X 107* 


hence: 


Escr/Erc = 34.7% = S? 
which is the fraction of the energy incident as a surface wave and converted 
into S waves. 

It is probably significant that, for both RP and RS, the largest amount of 
energy is concentrated in a small angle between 15° and 37°, with only relatively 
minor amounts in the rest of the quadrant. Moreover, even though only the 
major features of these curves may be correct, still the large and rapid fluctua- 
tions in energy distribution depending on the angle, help to explain why the 
mathematical solution of the problem is particularly difficult. 

It has been remarked previously that the measurement of the amplitudes 
of RP and RS is particularly difficult. Moreover the computation of P? and S? 
involves the fourth power of the transmission coefficient, which, itself, is not 
free from error. While it is admittedly hazardous to state the probable error in 
each case, the following values are believed reasonable: 


The fact that the sum of these coefficients is 120 percent instead of 100 percent 


{ 
07 > 07 07 
T* = 457 + 37% P? = 30% + 8% 
R? = 10% + 1% S? = 35% + 10% | 
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while the sum of the probable errors is 22 percent is considered a general check 
on the accuracy of the measurements. (It is realized that probable errors are not 
simply additive, but the above values are only ‘“‘guesstimates,”’ so that no 
mathematical development would be justified.) 


PHASE SHIFTS 


It was desired to obtain the phase shift both for the reflected and for the 
transmitted wave. The method tried with best results for the reflected wave 
was to use steady state sinusoidal waves and measure the amplitudes of the 
resulting waves. An interference pattern must be created between the direct 
and the reflected waves; this was indeed observed and is shown in Figure 11. 
The experiment was performed only for a 90° corner. These measurements are 
nonetheless difficult because in steady state experiments it is impossible to be 
certain that unwanted waves do not so interfere with the observations as to 
falsify the results completely and because in this particular case it was necessary 
to apply the receiver with the same pressure at all places for the measurement 
of amplitudes to be significant. Nevertheless, a well-defined interference pattern 
is obvious. Due to the attenuation, the difference between the minimum and 
the maximum amplitudes tends to decrease when the distance to the corner in- 
creases and that to the source decreases, while the average amplitude increases 
for the same reason. 


AMPLITUDE 
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DISTANCE IN WAVELENGTHS 


Fic. 11. Interference pattern created by the direct and reflected waves. 
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Fic. 12. Shape of the pulse: a) before the go0° corner, b) after one transmission, c) after two 
transmissions in one direction, d) after two transmissions in the other direction. 
Filter settings from top to bottom: 


High-pass Low-pass 
50 ke 50 ke 
100 kc 100 ke 
150 ke 150 ke 
200 kc 200 ke 
20 ke 100 kc 
20 ke 150 ke 
20 ke 200 ke 
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Near the corner the phenomena are more complex: The first maximum is not 
at the corner itself but at about 20° (in terms of phase angle) while the first 
minimum is a few degrees before go°, at approximately 87°. It is thought that 
both these observations are real although the effect of the weight of the probe 
near the corner cannot be entirely discounted for the first one. Both effects are 
due to the combination of the direct, the reflected, the transmitted, and the body 
waves which force the particles to travel along paths which differ increasingly 
from the normal elliptical ones as the corner is approached. 

The determination of the phase of the transmitted wave with respect to the 
incident wave was first attempted by driving the horizontal plates of an oscil- 
loscope with one and the vertical plates with the other, but unwanted reflections 
as well as direct body waves rendered this experiment completely meaningless. 
It could, perhaps, be used for angles where the transmission is large and in very 
attenuating media. Greater success was obtained by observing the shape of the 
pulse after one and two transmissions; this is shown in Figure 12, which shows 
the original shape of the pulse as well. It is clear that the pulse has been shifted 
by 180° after two transmissions, and hence by go° at each transmission. It 
would also be possible to obtain this result by a Fourier analysis of the pulses, 
but this would be a great deal more laborious. 


CONCLUSIONS 


The surface wave bends its path only for angles between 130° and 180°; for 
smaller angles, wide and a priori unpredictable variations in both reflection and 
transmission coefficients occur. The surface wave travels to the extremity of 
the corner from where it is ‘“‘transmitted” and “reflected.” For a right-angle 
corner, about 50 percent of the energy incident as surface wave is converted 
into body waves, this being divided approximately equally between P and S. 
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RESEARCH AND PROGRESS IN EXPLORATION* 


HENRY F. DUNLAP? anp CURTIS H. JOHNSON} 


ABSTRACT 


This is a general review of new developments in geophysical exploration in 1957. In the Eastern 
Hemisphere, the strong emphasis on the use of refined seismograph techniques in virgin territories 
despite extreme operating problems is a development of primary importance. In mining geophysics 
a new Swedish development employs a rotary electromagnetic field and two-plane operation to 
improve substantially the economy and effectiveness of reconnaissance for conductive ore-bodies. 

In the United States new developments include work on a method of seismic exploration using 
continuous waves rather than pulses, the incorporation of transistors into seismic units, a trend 
toward simplified equipment for plotting seismic record sections, an electrical prospecting method 
which permits detection of near surface structures in water-covered areas, and the increased use of 
continuous velocity logs. Other developments have occurred in the field of chemical logging, includ- 
ing the use of mass spectrometers, infrared analyzers, and gas chromatographic columns. Academic 
research into techniques for dating feldspar-bearing rocks has advanced spectacularly. It is now pos- 
sible to obtain dates on certain kinds of rocks extending from a few thousand years to a few billion 


years in age. 


INTRODUCTION 


It has been the custom at the annual SEG meeting for the past few years to 
review the more significant developments in geophysical research which have 
occurred during the preceding year. Last year we discussed geophysical research 
in academic institutions, with less emphasis being given to progress in com- 
mercial laboratories. This year (in addition to surveying work in this country) 
we attempted to obtain information on the geophysical research under way in 


European laboratories. 


EUROPEAN DEVELOPMENTS 


There have, actually, been few recent announcements of new developments 
in geophysical exploration made in Europe. However, both the American oil 
companies and the European oil companies exploring in the Eastern Hemisphere 
are employing the latest developments which have originated in the Western 
Hemisphere. Information obtained from representative companies indicates that 
some form of reproducible recording, generally on a magnetic medium, is being 
employed on about one-third of the reflection seismograph crews and that almost 
as many are preparing some kind of record sections. Emphasis is being placed 
on the review interpretation of all geophysical data—especially reflection seismo- 
graph. Such review may be conducted by oil companies, contractors, consultants, 
or government agencies. Several electronic data processing offices have been 


opened or the equipment ordered. 


* Paper read at the 27th Annual Meeting of the Society at Dallas on November 11, 1957. Manu- 
script received by the Editor November 20, 1957. 

¢ The Atlantic Refining Company, Dallas, Texas. 

t Geophysical Consultant, 816 West Fifth Street, Los Angeles 17, California. 
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This is noteworthy because a large percentage of the Eastern Hemisphere 
exploration is of a reconnaissance nature in virgin territories where, owing to 
operational difficulties, one might expect a trend to simplification. No doubt, 
however, there is a feeling that the cost of fielding a crew in inaccessible areas 
is so large that extra effort is warranted to insure the maximum value from the 
initial campaign. 

The rough, inaccessible, and excessively arid or wet characteristics of Eastern 
Hemisphere exploration areas have taxed the ingenuity of the operators.-Methods 
of getting energy into the ground, especially in pattern shots, have been many 
and varied. As examples, there are the hand-dug pits (35 ft to 40 ft deep!) in Iran 
for refraction shooting, ‘““Thumper”’ initiation and pattern shots laid on the 
surface in the Sahara (air-shooting is not being employed to the authors’ knowl- 
edge), and air-percussion drilling of shallow (36 inches deep) pattern holes in the 
Paris Basin. In Pakistan shot-holes are often provided by local contractors using 
the primitive spring-pole drilling methods which have existed in the country for 
many centuries, but with several crews of many willing hands to provide the 
necessary production. Conventional air and water portable and truck-mounted 
rotary drills are, of course, employed where feasible. 

Extensive marine seismograph work has been done in the last few years off 
the coasts of France, North and West Africa, the Gulf of Suez, the Persian Gulf, 
and Borneo; and though some of this work was undoubtedly planned to evaluate 
offshore drilling possibilities, it is of interest to note that much of it was designed 
as a quick and economical method of evaluating prospects on the adjacent shore 
and pin-pointing the subsequent costly onshore exploration program. 

A successful underwater gravity survey has been conducted recently by 
a mining company in the Baltic in 100 meters of water 2 km offshore. 

E. H. Hedstrém, the retiring President of the European Association of Ex- 
ploration Geophysicists, has ably described the upsurge of mining geophysics 
in his recent presidential address published in Geophysical Prospecting for Sep- 
tember, 1957. It is not surprising, therefore, that it is in this field that we are 
able to report several new developments originating in Europe. 

There are, first of all, the two different borehole magnetometers which have 
both been employed successfully in test borings which have barely missed a 
magnetic ore-body or have penetrated a local hiatus in such a body to predict 
where subsequent borings should be made to encounter the ore. One of these is 
a three-component device while the other records only the component along 
the axis of the hole. Both of these devices are remote reading and of the fluxgate 
type. 
Then there are new ground magnetometers of the fast electronic fluxgate 
type and the torsion-wire type and new inductive electromagnetic equipment 
for use on the ground which measures all field components at two frequencies 
and which is so light and versatile it requires a field party of only two men. 

Perhaps the most interesting new development in mining geophysics is an 
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Receiving 
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Transmitting 
airplane 15- 20m 
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a*60-!100m 


0*60-!00m 


TWO-PLANE SYSTEM 


Fic.%. Two-plane electromagnetic prospecting system used to detect conductive ore bodies at 
depths of 200 ft to 350 ft. (Not to scale.) 


improvement in airborne electromagnetic methods, which up to the end of 
June, 1957, had been successfully employed over 34,000 km of line for the 
location of conductive ore-bodies.' This new method employs a rotating electro- 
magnetic field, records variations in both the real and the imaginary components 
of the anomalous field, and employs two planes without a.cable connection. 

The great advantages of the method are its insensitivity to rotational move- 
ments of the transmitting and receiving units and to changes in the distance 
between transmitter and receiver. It has great discrimination between true 
anomalies and background noise because both the in-phase and out-of-phase 
components of the anomalous field are recorded, and for a true ore-body anomaly 
these should show related effects. 

By using two planes, the length of cable towing the receiving “bird” may 
be kept very short, thus avoiding pitching and yawing action of the “bird.” 
This in turn permits flying closer to the ground and reduces the time when 
operations must be suspended on account of marginally bad weather. Actually, 
the permissible flying time is so increased by the use of two planes that the cost 
of the extra plane is more than compensated for, and the cost of the entire opera- 
tion reduces to that of an airborne magnetometer survey—about $6.00 to $12.00 
per line mile of flight in operations in Sweden. An airborne magnetometer survey 
is normally also conducted at the same time as the E.M. survey. 

Figure 1 shows a schematic diagram of a typical airborne E.M. survey 
employing two planes and illustrates common dimensions employed. 

Using this method and the dimensions shown, typical interpretations follow- 


1U. S. Patent No. 2,794,940, ‘Electromagnetic Induction Method and Apparatus for Prospect- 


ing,”’ issued June 4, 1957. 
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Fic. 2. Continuous seismic wave generator with pump truck and transport truck. The large 
weight is excited into vertical sinusoidal vibrations of slowly varying frequency by two opposing fly- 
wheels carrying eccentric weights. 


ing further detailed E.M. surveys on the surface successfully predicted ore- 
bodies. The depths ranged from 30 to 60 meters with angles of about 45° from 
the vertical. The maximum depth expected for clear recognition of commericial 
ore-bodies by this method is about 130 meters, considering the contrast of anoma- 
lies to background noise evident on these successful tests at shallower depths. 


U. S. DEVELOPMENTS 


Seismic exploration is usually carried out using impulsive sources, either of 
the explosive or dropped weight type. It is possible, however, to conceive of 
’ methods using continuous seismic waves, and some research has been under way 
for the last few years in at least two laboratories on techniques that are based 
on the use of frequency modulated continuously excited seismic waves. In prac- 
tice, an electrical or mechanical vibrator is used to excite the ground seismically 
at a slowly varying frequency. This wave suffers reflections and refractions which 
arrive at remote seismometer locations delayed in phase. The output of a seis- 
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Fic. 3. Laboratory record showing a signal at about two seconds using the continuous wave 
seismic method. The records are identical except for gain setting. 


mometer located at the source is correlated with the output of these remotely 
located detectors. Maxima in the cross-correlation between the local and remote 
detectors are interpreted as being due to the arrival of reflected or refracted 
waves. Figure 2 shows one form of the continuous wave generator, consisting of 
a pair of motor driven flywheels with eccentrically mounted weights. Figure 3 
shows the type of record which results from the cross-correlation between the 
data from the seismometer at the generator and the remote seismometer. 
Final conclusions about the usefulness of the method cannot yet be reached. 
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aan 


ij | ~ 
Fic. 4. Nonpersistent refraction obtained from thin bed at 10,050 ft to 11,700 ft from shotpoint. 
Note rapid attenuation of first down break on first four traces only 150 ft apart. 


Interference due to surface waves from the source is one serious problem which 
must be overcome. This interference is particularly troublesome since the source 
is continuously operating. 

The application of wave guide theory to seismic refraction problems has 
yielded some interesting results when applied to reconnaissance work in new 
sedimentary basins. The thickness of a sedimentary layer serving as a refractor 
defines a lower limit for the frequency which can be transmitted along it. The 
attenuation characteristics of the bed provide an upper limit for the transmitted 
frequency. A band pass system is thus formed which determines the frequency 
content of the refracted wave. Changes in characteristics of this wave are often 
interpretable in terms of lithologic and thickness variations in the refracting 
layer. 
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Fic. 5. Persistent refraction obtained from massive bed at recording distance of 19,950 ft to 
21,600 ft from shotpoint. Similar breaks were observed out to 30,000 ft. 


In practical situations the recorded waveforms are often so complex that 
only qualitative use is made of the behavior of the wave trains with time and 
distance to estimate some of the properties of the section, that is, to estimate 
whether the section consists of a sequence of thin or thick beds and whether 
the beds are likely to be predominantly clastic or carbonate. Thus, to determine 
depths to basement or to a massive Paleozoic refractor in a reconnaissance 
survey of an unexplored basin, a refraction profile is shot out to distances great 
enough to enable the recording of well defined breaks exhibiting a high velocity 
stepout pattern and uniformity of amplitude and wave shape over a recording 
distance of several miles. 

For example, the record displayed in Figure 4 displays breaks which change 
rapidly in character with distance and suggests that the corresponding refractors 
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Fic. 6. Transistorized power supply. Input: 12 volts, 6.85 amps (full load); 1.12 amps (no load). 
Output: 150 volts, 400 milliamps; or 300 volts, 200 milliamps. Dimensions: 3 3/43 25/322 13/16 
inches. Weight: 1 lb, 14 oz. 


are a sequence of thin beds. In this instance, no change in the amplitude and 
phase relationships was brought about by quadrupling the charge size. In Figure 
5 the uniform behavior of the waveforms indicates that the refractor giving rise 
to these arrivals is a relatively massive one. Refraction breaks of this quality 
were recorded on adjoining spreads representing a total surface coverage of over 
10,000 ft. 

The use of transistors in geophysical equipment is just beginning, and it 
will undoubtedly expand rapidly. An example of a typical transistorized unit is 
shown in Figure 6. This unit is a power converter designed to replace a power 
supply of the dynamotor or vibrator type. The particular equipment shown is 
designed for an input of 12 volts, 6.85 amps and an output of 150 volts, 400 
milliamps. The equipment will operate continuously under full load at tempera- 
tures as high as r50°F. Dimensions of the unit are about 4 in X 4 in X 3 inches, 
and the weight is 1 lb, 14 ounces. The dynamotor it replaces occupies twice the 
volume and weighs over five times as much. 


274 
4 


RESEARCH AND PROGRESS IN EXPLORATION 


rect 


F 


Fic. 7. Seismic data processing system. Features include pen and ink recording, provision for 
reverse playback of magnetic data to achieve zero phase shift filtering, and an all electronic method 
for generating corrections for normal movement, elevation, etc. 


Use of seismic record sections has been reported in the past and their useful- 
ness pointed out many times. Some recent attempts to simplify the preparation 
of these sections have resulted in instruments which embody drum magnetic 
recording for the initial record and pen recording on playback. One instrument 
of this type is shown in Figure 7. The paper drum is mounted directly on the 
same shaft with the magnetic drum, which simplifies time alignment of the mag- 
netic and paper records. The system includes provisions for electronically in- 
serting weathering and elevation corrections, normal moveout corrections, and 
corrections due to use of offset shots. No mechanical manipulations, such as the 
interchanging or recutting of cams, are necessary. One interesting feature of this 
equipment is that provision for reverse playback of the magnetic recording has 
been included so that zero phase shift filtering can be realized. 

One of the very interesting developments which was reported at last year’s 
meeting was the Marine Sonoprobe, a form of echo sounding equipment powerful 
enough to detect reflecting interfaces within the first few hundred feet below 
the ocean floor. This method of detecting near surface structure in water-covered 
areas is quite intriguing. Another approach to the problem has been developed 
which jnvolves the use of electrical profiling in water-covered areas. Figure 8 
is a schematic drawing of the electrode configuration. A 250 cps current is fed to 
electrodes C; and C:;. The in-phase component of the transfer impedance as 
measured at electrodes P; and P; is plotted to obtain a measure of near bottom 
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structure. Figure g shows a three-dimensional representation of data obtained 
by this equipment when run over a shallow salt dome offshore from Freeport, 
Texas. The profiles represent runs made across the dome at intervals of 1,000 
ft. The water depth in this vicinity was 50 ft and there was no bottom relief. 
Subsequent core drilling over this anomaly showed cap rock at a depth of 150 
ft below the bottom at the location of the maximum anomaly and about 350 
ft below the bottom on the flank of the anomaly. 

This equipment has been used off the California coast in routine application. 
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Fic. 8. Marine electrical prospecting system to detect shallow structures. (Not to scale.) 
C,, C2= Current Electrodes. P;, P2= Potential Electrodes. 


In this area the users were able to trace faults several miles offshore. Operation- 
ally, the equipment is usable at higher boat speeds than are presently possible 
with the Sonoprobe, and does not require extensive modification of boat and 
engine mounting as is the case with the Marine Sonoprobe. The necessity for 
trailing a cable 1,000 ft long on the ocean floor is an obvious disadvantage, 
however. 

The usefulness of continuous velocity logs has become increasingly apparent 
during the past year. These logs give a great deal of insight into the factors which 
control the appearance of the seismic record obtained in the field. Synthetic 
seismic records made up by using these logs can be compared to actual seismic 
records to obtain information on multiple reflections, signal-to-noise level, and 
identification of seismic events with specific layers of interest. 

The instrumentation used in obtaining these logs is being worked on actively 
by a number of companies. By 1958 one of the major well logging companies 
will have entered this field commercially. The equipment itself has been deyeloped 
to the point where it is now possible to obtain logs in the very deep hot holes 
encountered in southern Louisiana exploratory drilling. In the Shell Antill #1, 
Terrebonne Parish, Louisiana, a good quality log was obtained using a three 
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Fic. 9. Anomaly obtained over shallow salt dome off of Freeport, Texas, using method of Figure 
8. Water depth: 50 ft. Depth to cap rock at flank of anomaly: 350 ft below bottom, Depth to cap rock 
at peak of anaomaly: 150 ft below bottom. 


inch O.D. dual receiver instrument at a depth of 18,855 ft. The maximum 
temperature was 350°F. and the maximum pressure was 17,000 psi. 

In the past, researchers desiring to work with these logs have often been 
unable to find out where they have been run. The data given in Table I list the 
number of continuous velocity logs run in the United States by state and county 
since this service became available. The equipment used in obtaining these logs 
for each county is also shown. Investigators interested in regional studies may 
find these data useful in locating logs in which they are interested. A general 
picture of the distribution of these logs is given by Figure 10. This shows only 
the logs run by one service company; but since this represents a large fraction 
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TABLE I 


Continuous VELocity Locs RUN IN THE UNITED STATES 


State and County 


Total Number 
of Logs 


(To June, 1957) 


Equipment Used 


Arizona 
Apache 
Alabama 
Baldwin 
Cullman 
Marion 
Mobile 
Washington 
Arkansas 
Miller 
Union 
California 
Butte 
Colusa 
Fresno 
Glenn 
Kern 
Kings 
Los Angeles 
Orange 
San Benito 
San Josquin 
San Luis Obispo 
Santa Barbara 
Solano 
Tehama 
Tulare 
Ventura 
Yolo 
Yuba 
Colorado 
Adams 
Arapahoe 
Baca 
Bent 
Eagle 
Elbert 
Hot Springs 
Jackson 
Kit Carson 
La Plata 
Larimer 
Lincoln 
Logan 
Mesa 
Moffat 
Montezuma 
Morgan 
Otero 
Park 
Prowers 
Pueblo 
Rio Blanco 
Washington 


AWW 


HNN HP HD HDD HD 


Humble 


Shell 
Seismograph Service 
Shell 


Magnolia, Seisomograph Service (4) 


Seismograph Service 


Seismograph Service 
Seismograph Service 


Seismograph Service 


Humble (3), Seismograph Service (8) 


Seismograph Service 


Humble, Seismograph Service (24) 
Humble, Seismograph Service (27) 


Seismograph Service 


Humble (2), Seismograph Service 


Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 


Humble, Seismograph Service 


Seismograph Service 
Seismograph Service 


Humble, Seismograph Service (3) 


Humble 


Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Empire 

Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 


Empire (5), Seismograph Service (2) 


Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
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State and County 


Weld 
Yuma 
Florida 
Collier 
Gadsden 
Hendry 
Holmes 
Indian River 
Lee 
Manatee 
Monroe 
Santa Rosa 
Kansas 
Chautauqua 
Comanche 
Conley 
Edwards 
Ellsworth 
Hodgeman 
Logan 
Lyon 
Nebraska 
Chase 
Cheyenne 
Dawes 
Garden 
Kimball 
Scotts Bluff 
Nevada 
Nye 
New Mexico 
Chaves 
Eddy 


Lea 


Loving 
Roosevelt 
San Juan 
North Dakota 
Bottineau 
Burke 
Divide 
McHenry 
McKenzie 
Mountrail 
Pierce 
Ward 
Williams 
Oklahoma 
Alfalfa 
Atoka 
Beaver 
Bryan 
Caddo 
Carter 
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Total Number 
of Logs 


Il 
2 


Re 


TABLE I (continued) 


Equipment Used 


Seismograph Service 
Seismograph Service 


Humble 

Seismograph Service 

Humble 

Humble 

Seismograph Service 

Humble 

Magnolia 

Seismograph Service 

Humble, Seismograph Service 


Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 


Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 


Seismograph Service 


Magnolia, Seismograph Service 

Empire, Humble (2), Magnolia (2), Seismograph Serv- 
ice (5) 

Empire (10), Humble (2), Magnolia (14), Schlumberger, 
Seismograph Service (23), Shell (4) 

Empire 

Magnolia (5), Seismograph Service 

Empire (4), Humble (2), Seismograph Service, Shell (2) 


Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 


Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
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State and County 
Canadian 
Cimarron 
Cleveland 
Coal 
Comanche 
Cotton 
Dewey 
Garfield 
Garvin 
Grady 
Grant 
Harmon 
Harper 
Haskell 
Hughes 
Johnston 
Kay 


Marshall 
McClain 
Murray 
Muskogee 
Okmulgee 
Osage 
Pontotoc 
Pottowomie 
Roger Mills 
Stevens 
Texas 
Tillman 
Washita 
Woods 
Woodward 


South Dakota 


Butte 
Fall River 
Harding 


Texas 


Anderson 
Andrews 


Baylor 
Bee 
Borden 
Blanco 
Brazoria 
Brewster 
Briscoe 
Brooks 
Calhoun 
Callahan 
Cameron 
Cass 
Chambers 
Cherokee 
Cochran 
Coke 
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Total Number 


TABLE I (continued) 


Equipment Used 


~ 


~ 


Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 


Humble 


Empire (4), Humble (4), Magnolia, Schlumberger, Seis- 


mograph Service (8), Shell 
Empire, Humble, Magnolia (2) 


Humble 
Empire, Magnolia 
Magnolia 


Humble (6), Schlumberger, Seismograph Service 


Empire (2), Seismograph Service 


Empire 
Humble 
Humble 
Humble, Magnolia 


Humble, Schlumberger 


Humble 
Humble 
Humble 
Seismograph Service 


Humble (2), Seismograph Service (2) 
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TABLE I (continued) 


Total Number 
of Logs 


State and County 


Equipment Used 


Coleman Magnolia 

Collin Humble 

Colorado Shell 

Concho Humble 

Cooke Seismograph Service 

Crane t Empire (27), Humble (2), Magnolia, Schlumberger (2), 

Seismograph Service (11) 

Crockett Empire (2), Humble, Magnolia (2), Seismograph Serv- 
ice (3) 

Empire 

Seismograph Service 

Seismograph Service 

Magnolia 

Empire (2), Humble 

Humble 

Magnolia 

Empire 

Empire (11), Humble (2), Magnolia, Seismograph Serv- 
ice (13) 


Crosby 
Culberson 
Dallam 
Dallas 
Dawson 
Dickens 
Donley 
Edwards 
Ector 


nN 
NFRD HW 


Humble 
Humble (3), Shell 
Empire (2), Humble (3), Seismograph Service (3) 


Kenedy 
Kleberg 
Knox 


Fayette 2 Humble 
Fisher I Seismograph Service 
Foard 4 Empire (3), Seismograph Service 
Fort Bend 3 Humble 
Franklin 2 Humble, Seismograph Service 
Freestone I Humble 
Gaines 23 Empire (8), Magnolia (4), Schlumberger, Seismograph 
Service (8), Shell (2) 
Galveston 6 Humble (5), Seismograph Service 
Garza 5 Empire (2), Humble, Seismograph Service, Shell 
Glasscock 4 Empire (2), Magnolia (2) 
Goliad 2 Humble 
Gonzales I Humble 
Gray 6 Empire, Magnolia, Seismograph Service (4) 
Grayson 2 Magnolia, Seismograph Service ‘ 
Hamilton I Empire 
Hansford 3 Humble, Seismograph Service (2) 
Hardeman 2 Empire, Seismograph Service 
Hardin I Shell 
Harris 18 Humble (10), Magnolia (5), Schlumberger (3) 
Harrison I Humble 
Hartley 3 Empire, Seismograph Service (2) 7 
Hemphill 3 Empire, Magnolia (2) ; 
Henderson 2 Humble, Seismograph Service 
Hidalgo 3 Humble (2), Magnolia 7 
Hill 2 Seismograph Service a 
7 Humble, Seismograph Service (5), Shell zx 
Houston I Humble a 
Hutchinson 3 Seismograph Service - 
Trion 4 Empire (2), Humble, Seismograph Service 
Jackson 4 Magnolia 
Javelina I Shell a 
Jefferson 5 Humble, Magnolia (3), Shell a 
Jim Hogg I Humble a 
Johnson I Seismograph Service q 
7 
4 
8 
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TABLE I (continued) 


Total Number 
of Logs 


State and County 


Equipment Used 


Lamb 

La Salle 
Leon 
Liberty 
Lipscomb 
Limestone 
Live Oak 
Loving 
Lubbock 
Lynn 
Madison 
Matagorda 


Maverick 
McLennan 
McMullen 
Menard 
Midland 
Mills 
Mitchell 
Monahans 
Montague 
Montgomery 
Moore 
Motley 
Nacogdoches 
Newton 
Nueces 
Ochiltree 
Parker 

Pecos 


Reagan 
Reeves 
Refugio 
Roberts 
Runnels 
Rusk 
Sabine 
Schleicher 
Scurry 
Shackelford 
Shelby 
Sherman 
Smith 
Stephens 
Sterling 
Stonewall 
Sutton 
Taylor 
Terry 
Throckmorton 
Tom Green 
Trinity 
Tyler 
Upton 

Val Verde 


I 
2 


w 


Empire 

Seismograph Service 

Seismograph Service 

Humble (5), Schlumberger (2), Seismograph Service 

Humble (2), Magnolia (6), Seismograph Service (3) 

Humble 

Magnolia 

Empire (3), Magnolia (2) 

Humble 

Empire 

Magnolia 

Humble, Magnolia (2), Schlumberger, Seismograph Serv- 
ice (2) 

Shell 

Seismograph Service 

Schlumberger, Seismograph Service 

Seismograph Service 

Seismograph Service 

Magnolia 

Schlumberger 

Shell 

Empire 

Humble 

Magnolia, Seismograph Service 

Empire, Humble (2), Seismograph Service 

Humble, Seismograph Service 

Schlumberger 

Humble 

Empire, Humble, Magnolia (10), Seismograph Service (5) 

Humble 

Empire (12), Humble, Magnolia, Schlumberger, Seismo- 
graph Service (17) 

Seismograph Service 

Empire (2), Seismograph Service (5) 

Schlumberger 

Empire, Humble, Seismograph Service (6) 

Empire (3), Humble, Magnolia, Seismograph Service 

Seismograph Service 

Seismograph Service 

Humble 

Empire, Magnolia 

Magnolia 

Humble (2), Seismograph Service 

Humble, Seismograph Service (2) 

Humble (2), Seismograph Service 

Magnolia 

Empire, Humble 

Seismograph Service 

Seismograph Service (2), Shell 

Humble 

Empire (2), Humble (2), Seismograph Service 

Empire 

Empire, Humble (2) 

Shell 


Humble, Schlumberger (2) 

Empire (5), Humble (3), Seismograph Service (4) 

Empire, Humble (4), Magnolia (2), Schlumberger, Seis- 
mograph Service (6) 
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State and County 


Waller 
Ward 
Washington 
Webb 
Wheeler 
Willacy 
Williamson 
Winkler 


Wise 
Wood 
Yoakum 


Utah 
Duchesne 
Emery 
Garfield 
Grand 
Kane 
San Juan 
Uintah 
Wayne 

Washington 
Clallam 

W yoming 
Bighorn 
Campbell 
Converse 
Carbon 
Crook 
Fremont 
Goshen 
Johnson 
Lincoln 
Natrona 
Park 
Platt 
Sheridan 
Sublette 
Sweetwater 
Teton 
Uinta 
Washakie 


Total 


RESEARCH AND PROGRESS IN EXPLORATION 


Total Number 
of Logs 


4 
RUN DD 


3 
7 
2 
6 
2 
2 
2 
3 
2 
9 
3 
I 
4 
8 
3 
I 
I 
8 


1,482 


TABLE I (continued) 


Equipment Used 


Humble 

Empire (4), Magnolia (2), Seismograph Service (4), Shell 

Humble 

Humble, Magnolia 

Seismograph Service 

Magnolia 

Seismograph Service 

Empire (8), Humble, Schlumberger (5), Seismograph 
Service (4), Shell 

Seismograph Service 

Seismograph Service 

Empire (2), Humble, Schlumberger, Seismograph Serv- 
ice (3) 


Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 


Seismograph Service 


Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 
Seismograph Service 


of the total data, it may be considered indicative. It is worth pointing out that 
the total number of logs of this type that have been run in the United States 
stands at 1,482 as of June, 1957. This represents an increase of 605 over the 
figure for the preceding year. 

In the field of chemical well logging a notable development is the use of more 
sensitive and reliable instruments, such as the infrared absorption analyzer and 
the mass spectrometer, in place of the hot wire filament which has been standard 
for so long. The infrared technique looks particularly promising in this applica- 
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S.S.C. CONTINUOUS VELOCITY LOGS 


MARCH 1954 - JUNE 1957 


LEGEND 


GEOPHONE SURVEY 
® CONTINUOUS VELOC/TY LOG SURVEY 


Fic. 10. Continuous velocity log coverage in the United States as of June, 1957. The map 
shows logs run by only one company. (About one-half of all the logs run.) 


tion. The use of gas chromatography to analyze the various hydrocarbon con- 
stituents broken out of the mud stream is another promising approach being 
studied by a number of companies. 

In the field of academic research a significant advance has been made in the 
technique of dating certain rocks by the potassium-argon ratio method. At the 
University of California, Messrs. G. H. Curtis and J. F. Evernden of the Geology 
Department and J. Lipson of the Physics Department have developed techniques 
for greatly reducing the contamination due to atmospheric argon in the sample 
without greatly disturbing the radiogenic argon. As of May, 1957, it appeared 
that rocks which contain feldspar and which are as young as 50,000 years might 
be dated with an error of about 10 percent. Since 50,000 years represent the 
upper limit of age determinations using the Carbon 14 technique, it now appears 
for the first time that in principle we have established methods for dating certain 
kinds of rocks for all ages from a few thousand years to several billion years. 
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GEOPHYSICS, VOL. XXIII, NO. 2 (APRIL, 1958), PP. 285-298, 9 FIGS. 


SOME OBSERVATIONS ON ROCK MAGNETISM* 


LYNN G. HOWELL,f JOSEPH D. MARTINEZ,f{ ann E. H. STATHAMT 


ABSTRACT, 


It seems that in general the plane of maximum magnetic susceptibility lies in the bedding plane 
for sediments and in the plane of foliation for metamorphic rocks; there is, also, a tendency for the 
remanent vector to lie in the,plane of foliation in the latter. In the case of chemical deposits, the ques- 
tion is raised as to whether the hematite crystal growth is controlled by the magnetic field. Since pure 
hematite crystals are paramagnetic along the ternary axis, the remanent vector lies in the basal plane 
perpendicular to this axis, which, being the plane of ferromagnetism, is also the plane of maximum 
susceptibility. We have investigated chemically deposited hematite in the Clinton iron ore of Silurian 
Age. Although the remanent vector lies close to the plane of maximum susceptibility, this plane, 
unfortunately, is also the bedding plane. Several other hematite-bearing formations show a direction 
of magnetization close to the bedding plane. Measurements of magnetization and susceptibility 
anisotropy of samples cooled below the transition temperature for hematite have been made with 
no conclusive results other than indications of the presence of hematite in some cases. Samples from 
the Hazel formation of pre-Cambrian Age have been investigated. The planes of maximum suscepti- 
bility for this slightly metamorphosed red bed dip at various angles, and thus a system of microfrac- 
tures containing magnetic material is suggested as a possible explanation. Pole locations for the 
Clinton iron ore and the Hazel are presented. 


INTRODUCTION 


In recent years an increasing amount of work has been carried out on the 
problem of determining the direction of the earth’s magnetic field at various 
times in the past by measuring the direction of remanent magnetism of rocks 
formed at these times. Quite a number of the measurements have been made with 
samples from red beds since hematite, which is thought to be the principal 
magnetic component of these beds and also to be responsible for their red color, 
has a high magnetic coercive force so that the rock tends to retain its early 
magnetization. 

We (1956) have been interested in the magnetic properties of rocks containing 
hematite and especially in the mechanism by which hematite becomes mag- 
netized in chemically deposited sediments; also Doell (1956) has posed the 
question of ‘crystallization magnetization.’’ Furthermore, the rhombohedral 
hematite crystal has very interesting magnetic properties. Shull, Strauser, and 
Wollan (1951) have shown by neutron diffraction that the magnetic moments 
of the iron ions in a single crystal of hematite lie in parallel planes perpen- 
dicular to the ternary axis in the temperature range below the Curie point 
of 675°C. and above a transition temperature of about —20°C. Below the 
transition temperature, the moments turn into directions parallel to the 
ternary axis. In both states the ions are oppositely arrayed in an antiferromag- 
netic grouping. It has been found by Morin (1950) and Guillaud (1951), how- 


* Manuscript received by Editor December rr 1957. 
+ Humble Oil & Refining Company, Houston Research Center, Houston, Texas. 
t On leave from Humble, presently at the Rice Institute, Houston, Texas. 
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ever, that powdered hematite is weakly ferromagnetic in the first state (— 20°C. 
to 675°C.) and paramagnetic in the second. In fact, Smith (1916) found in general 
that at ordinary temperatures a single crystal appears to be ferromagnetic in 
the plane perpendicular to the ternary axis but paramagnetic in a direction 
along the axis. On the other hand, Néel and Pauthenet (1952) and Haigh (1957) 
report that hematite possesses an isotropic component of ferromagnetism above 
and below the transition temperature in addition to the anisotropic component 
which disappears below the transition temperature. Chevallier (1951) demon- 
strated that as the crystal size of powdered hematite is reduced the particles 
lose their property of ferromagnetism and at a particle diameter of one micron, 
the powder is paramagnetic. At such a crystal size, the domain wall structure of 
the hematite should have disappeared. Recently, Li (1956) has suggested that 
the ferromagnetism of hematite arises in the domain wall structure. 

With this background we may now raise several questions concerning the 
remanent magnetism of rocks bearing hematite. (1) Is the direction of the 
crystallographic axes of hematite controlled by the direction of the magnetic 
field when the mineral is deposited chemically? (2) If the orientation of the plane 
perpendicular to the ternary axis is oriented by the magnetic field or some other 
mechanism, is the remanent vector confined to this plane? (3) Is the plane or 
the line of maximum magnetic susceptibility of a red bed controlled by crystal 
structure of the hematite grains or by geometrical factors such as bedding lam- 
inations or orientation of elongate particles? (4) Can the presence of hematite 
be detected by measuring the magnetic properties of a rock at a temperature 
below the transition temperature? (5) Is the remanent magnetism of a red bed 
destroyed or disturbed when the outcrop is exposed to temperatures below 
— 20°C.? 


TECHNIQUE OF MEASUREMENTS 


In measuring remanent magnetism of rocks we have used a spinner type 
magnetometer which is in a large part a duplication of the equipment described 
by Graham (1955) at the Department of Terrestrial Magnetism in Washington. 
The phase and magnitude of the signal induced in a pickup coil by the sample 
spinning at 270 RPS are measured, so that both direction and magnitude of 
magnetization can be deduced. The sample plugs are roughly one inch in diameter 
and 27/32 inch long. 

The same equipment has also been used for making measurements of the 
anisotropy of magnetic susceptibility of rocks. The sample is now spun in a 
horizontal field at a half-speed of 135 RPS since the induced moment reverses 
in the sample once per revolution. Thus, a signal of 270 cps is generated, while 
the 135-cps signal from the remanent magnetism is removed by filtering. There- 
fore the change in susceptibility and direction of the maximum in the plane 
perpendicular to the axis can be measured. By spinning the sample about three 
mutually perpendicular axes, data are obtained for computing the directions of 
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Fic. 1. Plot of magnetic vectors and traces of planes of maximum 
susceptibility for Clinton formation. 


the principal axes of susceptibility and the differences in susceptibility between 
the directions of any two axes. 

This method has some disadvantages over the coil and bridge type of measure- 
ment in that the susceptibility anisotropy effects cannot be separated from those 
due to electrical conductivity anisotropy. However, in most rock samples the 
conductivity is fairly low. A more disturbing disadvantage occurs when the 
remanence of the sample is sufficiently large that the second harmonic from its 
signal can interfere with the signal produced by the susceptibility anisotropy. 


SILURIAN IN ALABAMA 


Samples of hematite ore have been taken from the Clinton iron ore of Silurian 
Age in the Spaulding open pit mine of Republic Steel Company near Birming- 
ham, Alabama. The formation, which dips at an angle of about 16° in a direction 
S 24° E., contains chemically deposited iron oxide and thus is of special interest. 
Both the remanent and the induced magnetism are high in these rocks. The 
remanent polarization amounts to roughly 10~‘ cgs units per cc and the suscep- 
tibility to about 0.7 X 10~‘ cgs units per cc. 

Seven rock samples over a range of about roo yards in a horizontal direction 
were taken, and Figure 1 shows a Schmidt-projection plot of the North-seeking 
vectors on the lower hemisphere, the downward direction being perpendicular 
to the bedding plane. Each circle represents the direction of the remanent mag- 
netism for a plug, there being two plugs from each sample with one exception 
from which there were four plugs. Although our sampling does not cover as 
wide an area as is desirable to obtain a reliable pole location, it is interesting to 
compute the pole position, assuming the usual centered dipole field. It is also 
usually assumed that the axis of the dipole coincides on the average with the axis 
of spin of the earth at the time in question. The position of the earth’s N mag- 
netic pole is: 

35° S. Lat. 42° W. Long. 
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It is very interesting to compare this position with those we (1957) have found 
for other Paleozoic formations. 


Carboniferous (Barnett) 41° S. Lat. 52° W. Long. 
(Barnett) 42° S. 38° W. (South Pole) 
Cambrian (Sawatch) 40°S. 55° W. 
(Point Peak) 0° 22° W. 


Hematite was present in thin sections obtained from both the Barnett and the 
Sawatch samples. A number of samples, obtained from calcareous concretions in 
the Barnett, were included in the measurements for the first mentioned pole 
position. The second position, which shows a reversed direction of magnetization, 
was obtained from limestone. The Sawatch samples consisted of sandy dolomite, 
while the Point Peak samples in general were siltstone. The data showed a large 
scatter in the case of the Point Peak. Thus, even though our data from the 
Sawatch and the Silurian are lacking in sampling areawise, the results, with the 
exception of the Point Peak, show a surprising clustering of the pole as found 
from samples of Paleozoic rocks of widely different age. We (1957) previously 
noted that the position of Carboniferous poles agree quite well with positions 
obtained by Belshé from Carboniferous samples in the British Isles. The positions 
of the Cambrian poles obtained from Point Peak samples also agree quite well 
with positions obtained by Creer from Cambrian samples in the British Isles. 
There is very good evidence, therefore, that there was a polar migration in 
Paleozoic times; such a migration has been pointed out by Runcorn (1955) and 
others. 

We are faced here with the question as to whether the agreement in results 
we find from various Paleozoic formations happens by chance, is due to the 
magnetization of the Sawatch formation (Cambrian) and the Clinton iron ore 
(Silurian) taking place at times later than Silurian, or, perhaps, is due in some 
manner to the magnetic properties of hematite; finally, there is the possibility, 
for which there is little, if any, evidence from other investigators, that the poles 
did not move far in Paleozoic times. We (1957) have previously suggested the 
possibility of a late magnetization of the Sawatch, perhaps at a postdepositional 
time of dolomitization. In the case of the Clinton iron ore, the iron may have 
been oxidized or recrystallized to its present state long after deposition. This 
would not be incompatible with an original sedimentary origin. Since the position 
of the pole for this formation is intermediate between Cambrian (Point Peak) 
and Carboniferous (Barnett) positions, there is a possibility that the magnetiza- 
tion took place before Carboniferous time. Nevertheless, we should not overlook 
the possibility that this magnetization may represent the direction of the earth’s 
field over a short segment of Silurian time, since the pole location is not too far 
from the expected position. 

In Figure 1, we have also plotted segments of the traces of the planes of 
maximum susceptibility for plugs from each sample, the remanent vectors for 
these plugs being designated by heavy circles. It is readily apparent that the 
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remanent vectors lie very close to the planes of maximum susceptibility and 
that these planes lie very close to the bedding plane of the formation. 

To investigate the role of the hematite in the magnetization of these rocks, 
two samples were cooled in frozen CO2 (—78°C.). Both of these plugs showed 
a drop in signal due to susceptibility anisotropy of about 20 percent. These 
experiments are fairly qualitative as the sample warms rapidly with spinning. 
One of these plugs, however, showed little if any change in remanent magnetism 
when cooled. On the other hand a natural crystal of hematite from Elba showed 
a decrease in remanence to about one-fourth its former value and also a change 
in direction when cooled. Upon warming of the crystal, the vector returned close 
to its former position but to about three-fourths its former intensity. Haigh 
(1957) has found that the near-saturation remanence for hematite powder de- 
creases upon cooling below the transition temperature and increases upon warm- 
ing above but not to its initial value. The high remanent magnetism of our 
crystal tends to interfere with the susceptibility measurements. Nevertheless, 
the anisotropy also seemed to decrease in amount and to change in direction. 
As would be expected for a single crystal of hematite, the remanent vector tends 
to remain in or near the plane of maximum susceptibility or of the plane per- 
pendicular to the ternary axis. It should be mentioned that Smith found that 
crystals from Elba were not uniformly paramagnetic along the ternary axis. 
From the cooling experiments, in one case the decrease in anisotropy certainly 
indicated the presence of hematite in the Silurian sample while in the other, 
little if any indication of the presence of hematite is indicated by the lack of 
change of remanence. Since the plane of maximum susceptibility often coincides 
with the bedding plane in sediments, we can not decide whether the plane of 
maximum susceptibility is related to the magnetic field of the past and the 
remanent magnetization established by this field or to the bedding plane. The 
anisotropy of susceptibility could be due in large part to a layered structure of 
the hematite or other magnetic minerals instead of to a crystal alignment of 
hematite. In the case of detrital sediments, crystal alignment could be produced 
if the hematite particles in the settling process come to rest with a cleavage plane 
against the bottom surface. 


TRIASSIC IN COLORADO 


Figure 2 shows a plot of remanent vectors and traces of planes of maximum 
susceptibility from four plugs from three samples taken from red beds of the 
Lykins or the Gem formation, Triassic in Age. The formation dip is about 70° 
in a direction of S 60°W. The coordinates are with respect to the bed rotated to 
a horizontal position. The segments of the traces are plotted in the lower hemis- 
phere and the vectors on the upper hemisphere. 

Again, the remanent magnetism vectors lie fairly close to the planes of max- 
imum susceptibility, although not so strikingly as in the previous example. The 
planes of maximum susceptibility are again very close to the bedding plane. 
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Fic. 2. Plot of magnetic vectors and traces of planes of maximum 
susceptibility for Lykins or Gem formation. 


Upon cooling one of the plugs in frozen COs, the remanent magnetism 
decreased slightly in intensity. Thus again, the presence of hematite may be 
indicated, although the test is not definite since the cooling took place in the 
earth’s magnetic field. We shall discuss this point later. 


PRE-CAMBRIAN IN TEXAS 


The Hazel formation composed of red beds of pre-Cambrian Age was sampled 
in Culbertson and Hudspeth Counties of West Texas. Figure 3 shows the Schmidt 
plot (lower hemisphere) of the remanent vectors for flat lying beds, each point 
representing an average of measurements from four plugs from a given sample 
of rock. Thus from five locations, scattered over about two miles, 15 samples 
were obtained. 

Figure 4 shows plots for dipping beds, which have been rotated to a horizontal 
position in the diagram. The open circles are plots of the North-seeking vector 
on the lower hemisphere, and the solid circles are plots on the upper hemisphere. 
From nine locations, 39 samples have been obtained, the vectors being again 
averages obtained from four plugs from one rock sample. The formation dips 


Fic. 3. Plot of magnetic vectors for flat lying Hazel beds. 
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Fic. 4. Plot of magnetic vectors for dipping Hazel beds. 


range as high as 85° and the samples are scattered over a distance of roughly 
20 miles. It will be noticed that the average vector for the dipping beds desig- 
nated by a heavy circle is less steep and somewhat closer to north but the scatter 
of points is very much greater. Both sets of measurements showed a slight 
scatter in the four vectors obtained from each sample. Also, after storage for 
a period of several months, some of the plugs showed a movement of vectors 
over a range of angles of about 2° to 16°, the plugs being stored with their 
vertical axes pointing both up and down. These variations are not severe. 
The pole positions calculated from the two sets of data follow. 
Flat Lying Beds 
North pole 49° N. Lat. 175° W. Long. South pole 49° S. Lat. 5° E. Long. 
Dipping Beds 
North pole 60° N. Lat. 151° E. Long. South pole 60° S. Lat. 29° W. Long. 


In Figure 4, the cross represents the average direction of remanence obtained 
by plotting the vectors in space with no account taken of dip. It is readily seen 
that if the magnetizations are moving more rapidly towards the direction of the 
present field in the dipping beds, the average vector would appear to be north 
of the average for the flat-lying beds. However, this picture is not clear-cut. 
From measurements of Keweenawan rocks (pre-Cambrian) from the Lake 
Superior region, du Bois (1957) has located a line of polar migration for pre- 
Cambrian time which passes somewhat to the south of our North pole location 
obtained from the flat-lying Hazel samples. Since we do not know the age of the 
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/ 


Fic. 5. Plot on lower hemisphere of magnetic vectors and traces of planes of maximum suscep- 
tibility for Hazel samples showing a strong linear direction of maximum susceptibility. 


Hazel relative to the formations sampled by du Bois, it is difficult to make a 
comparison. 

We have measured the anisotropy of susceptibility of a number of the 
samples, and in Figures 5 and 6 are shown the traces of the plane of maximum 
susceptibility along with the remanence vectors for the same plugs. Plots are 
made only for those plugs which show a maximum difference of susceptibility 
of over 3X10~°. Furthermore, the difference in susceptibility between the max- 
imum and minimum principal axes is more than twice the difference between 


Fic. 6. Plot of magnetic vectors and traces of planes of maximum susceptibility for Hazel samples 
showing a strong planar direction of maximum susceptibility. All data are on lower hemisphere except 
dashed trace. 
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the intermediate and minimum principal axes for the samples in Figure 5. The 
anisotropy in this case is fairly directional along the maximum principal axis. 
In Figure 6, the two differences are more nearly equal and thus the direction of 
maximum susceptibility tends to broaden out further into a plane. The total 
susceptibility of these samples is of the order 2 to 5 X 107°. 

All of the plugs come from separate samples except 1 and g, which are both 
very close to the dividing line of the two categories in the figures. Only one plug, 


Fic. 7. Plot of directions of maximum susceptibility for Hazel samples. 


7, comes from a dipping bed, the dip being 15°. The samples from the dipping 
beds seem to be lower in susceptibility than the samples selected. This result 
may be of no real significance. 

The first striking observation is that the planes of maximum susceptibility 
no longer lie in the bedding planes. Curiously enough the remanent vectors seem 
to lie closer to the planes of maximum susceptibility in the plots of Figure 5 than 
in Figure 6 although the planes are more clearly defined in the latter. 

Figure 7 shows a plot on the lower hemisphere of the directions of the max- 
imum principal axis of these same plugs. Each of these points corresponds to 
an opposite point on the upper hemisphere since the principal axes have direction 
but not sense. The points cluster in the general neighborhood of the remanent 
vectors of the dipping beds but not of the flat-lying beds from which they are 
derived. Bhattacharya (1950) found a general correspondence between the 
remanent vector directions and the directions of maximum susceptibility of some 
samples of sedimentary rock. He concluded that elongate detrital magnetic 
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particles might be aligned in the earth’s field in settling and that the resulting 
direction of maximum susceptibility of the rock might be a more stable indicator 
of the direction of the earth’s field than the remanent magnetism vector. 

Such a picture is possible in our case. There is also another possible explana- 
tion, which may be more applicable. We might assume that the plane of maximum 
susceptibility corresponds to an average plane of microfractures in the rocks, in 
which fractures magnetic minerals are deposited. It will be noticed in Figures 5 
and 6 that the planes dip at various angles to the horizon but in general intersect 
the horizon in a line which runs from shghtly East of South to slightly West of 
North. Thus, if in the same sample, fractures filled with magnetic mineral dip 
at various angles but have a common line of intersection, this line would be 
expected to be a direction of maximum susceptibility. The Hazel has been de- 
scribed by King and Flawn (1953) as being partly metamorphosed; however, 
it is not foliated. Even the bedding planes are detected with difficulty. We shall 
discuss metamorphic rocks in a following section. 

Along these lines Graham (1954) has reported finding a maximum suscep- 
tibility in the bedding planes of sediments with the exception of a folded forma- 
tion in which the maximum direction was perpendicular to the bedding plane. 
He also found the maximum susceptibility to be parallel to the lineation in the 
case of two schists. 

Balsley and Buddington (1957) have found the direction of remanence to 
be at right angles to the lineation in metamorphic samples containing magnetite. 
As for metamorphic rocks containing hematite, they have suggested the pos- 
sibility of the anisotropy being a controlling factor in magnetization in the case 
of oriented crystal grains. 

When plugs 1 through 14, as designated in Figures 5, 6 and 7, were cooled 
in carbon dioxide snow, the remanent magnetizations were changed to new 
directions in a rather strange pattern; some increased in intensity and some 
decreased. Upon warming of the plugs, tests indicated that the magnetizations 
returned close to their former directions and intensities. After further experi- 
ments with plugs 2 and 3, it was found that the changes depended on orientation 
of the sample in the earth’s field during the cooling. In the case of both the 
single crystal from Elba and a sample of hematitic ore from Alabama obtained 
from Ward’s Natural Science Establishment, the magnetization decreased after 
cooling, even though the earth’s field aided in direction during the cooling. 
There seems, therefore, to be a different effect present in the case of the Hazel 
samples. The most likely explanation is that the magnetic relaxation time pre- 
dicted by Néel’s (1955) theory becomes sufficiently long for some of the fine 
magnetic particles at the low temperature, that these particles retain for a time 
the magnetization produced by the earth’s field. The tests should thus be made 
in a field-free space. 

The susceptibility anisotropy dropped in magnitude when plug 3 was cooled, 
and thus the presence of hematite was indicated. 
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Fic. 8. Plot of magnetic vectors and traces of planes of maximum susceptibility and plane 
of foliation for Valley Springs Gneiss. 


METAMORPHIC ROCKS 


Several years ago, Mr. P. A. A. H. Masson pointed out that the remanent 
magnetism vector seemed to lie in the plane of foliation in the case of several sam- 
ples of metamorphic rock obtained from a well core. We have more recently made 
measurements of both remanence and susceptibility anisotropy in metamorphic 
rocks. Figure 8 shows a plot on the upper hemisphere of results obtained from 
four plugs from the same rock sample of Valley Springs Gneiss outcropping near 
Burnet, Texas. Here, the remanent vectors are very close in position to the 
trace of the plane of foliation and to the planes of maximum susceptibility. 
Figure 9 shows a plot on the upper hemisphere of results obtained from two 
plugs, each cut from a separate rock sample of Packsaddle Schist outcropping 
in the Llano uplift area of Texas. Again the vectors lie quite close to the planes 
of maximum susceptibility and to the plane of foliation. Both of these formations 
showed strong anisotropies, the maximum difference in susceptibility amounting 
to roughly one-third to one-half of the total susceptibility. 

Kalashnikov, Petrova, and Grabovsky (1957) recently have mentioned finding 
magnetic permeabilities in metamorphic rocks an order or two greater along 
“the layers” than across. The remanence behaves in a similar manner. They 
also report that the remanence seems more stable across ‘‘the layers” than 
along. This type of stability and the magnitude of the permeability anisotropy 
are surprisinz. 
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Fic. 9. Plot of magnetic vectors and traces of planes of maximum susceptibility and plane 
of foliation for Packsaddle Schist. 


When a plug of the Valley Springs Gneiss was cooled in carbon dioxide snow, 
the anisotropy signal increased when the sample was spun about two axes but 
decreased about the third. There may thus be hematite present. A sample of 
the Packsaddle Schist showed no change in anisotropy after cooling. The anisot- 
ropy in this case is probably due in the main to the geometry of the planes of 
foliation. 


SIDERITE 


In connection with making measurements on rock magnetism, it might be 
mentioned that although siderite (Fe,CO;) is paramagnetic, its susceptibility 
is fairly high, the values of samples measured by us ranging from roughly 2 to 
4X10-*. The maximum difference of susceptibility due to anisotropy ranges 
from roughly 1/20 to 4 of the total. In the case of a siderite from Hill County, 
Texas, the plane of maximum susceptibility seems to coincide with the bedding 
plane. In the case of a nearby siderite concretion, the direction of maximum 
susceptibility seems to be perpendicular to the bedding plane. A sample from 
a calcareous silty shale concretion in the Pierre shale in Colorado also showed 
a maximum susceptibility in the vertical direction; the bed dips about 26°. 
Again, the fracture system may play an important role in the anisotropy. It 
should be mentioned that in making spinning measurements of remanence with 
samples of high anisotropy, the vertical component of the earth’s field should 
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be cancelled. Since the vector induced by the vertical component of the earth’s 
field is not vertical due to the anisotropy, there is a horizontal component which 
does not reverse in the sample as it spins. An unwanted signal is thus set up. 


CONCLUSIONS 


It appears that, in general, undisturbed sediments show a maximum suscep- 
tibility in the bedding plane. Again, metamorphic rocks show a maximum in the 
plane of foliation and undoubtedly in many cases are magnetized in a direction 
lying in this plane. 

In the case of the Hazel formation which is slightly metamorphosed with no 
foliation, the direction of the plane of maximum susceptibility varies. It is 
suggested that microfractures filled with magnetic minerals may account for 
this pattern of anisotropy. 

Regarding the question of hematite crystals forming with a relationship 
between the magnetic field and the basal plane perpendicular to the ternary 
axis, we have no conclusive evidence. In the Clinton iron ore formation contain- 
ing chemically deposited iron oxide, although the remanent vector lies close to 
the plane of maximum susceptibility, unfortunately this plane also lies close 
to the bedding plane. Perhaps x-ray analysis might throw light on this problem. 


As to detecting hematite by measuring the change in remanent magnetism 
and susceptibility anisotropy of a sample cooled below the transition tempera- 
ture, the method has the advantage, over heating above the Curie point, that 


it does not produce the marked chemical and crystallographic changes caused 
by heating. Other magnetic minerals, furthermore, do not possess corresponding 
transition temperatures so far as is known; on the other hand, both hematite 
and magnetite have Curie points separated by only about 100°C. 

As to the probiem of outcrops subject to low temperatures in frigid climates, 
we find little if any evidence of serious change in remanent magnetism for 
hematite-bearing rocks exposed to such temperatures. 

In conclusion, we feel that studies of rock magnetism will be of great value 
not only in the broad problems of polar wandering and continental drift but also 
in specific problems such as dating, postdepositional changes in sediments and 
perhaps in some cases, investigations of regional stress patterns. 
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SOME THEORETICAL CONSIDERATIONS ON 
INDUCED POLARIZATION* 


JOHN H. HENKEL} 


ABSTRACT 


The phenomenon of induced polarization is treated as an induced electromotive force, leading 
to a polarization constant which is included in the effective resistivity of polarizable materials, such 
as earth materials. The transmission of sinusoidal electromagnetic waves through a polarizable earth 
is treated for frequencies above 30 cps. The polarization induced in a two-layer earth is treated 
theoretically and calculations are presented. 


I. INTRODUCTION 


When making resistivity measurements of the ground, it is found that if the 
current is kept constant the potential difference between the potential electrodes 
gradually increases; when the current is cut off there remains a potential differ- 
ence between the potential electrodes which gradually decreases to zero (or to 
the telluric potential difference). This slowly-changing or added potential differ- 
ence has been called “provoked potential” by Schlumberger (1920), but is usually 
called “induced polarization.” 

Figure 1 illustrates the variation of the potential difference between the 
potential electrodes with time for a square current pulse. Here, the electromag- 
netic spike associated with the make and the break of the current pulse has been 
omitted and the magnitude of the time changing induced polarization relative 
to the RJ potential drops has been exaggerated for illustration purposes. 

Dr. R. G. Van Nostrand and the author (1957) showed that induced polariza- 
tion could be explained and the time decay curve fitted by assuming that small 
concentration cells were formed in the ground at the surfaces of clay particles 
and that the rate of decay was governed by ionic diffusion. Since a concentration 
cell acts like a battery, it is convenient to picture induced polarization as an 
electromotive force and to write the equation governing current density in the 


ground as 


E, + P = pol, (1) 


where E, is the electric field intensity due to charge distribution, P the force 
per unit charge due to the induced polarization, J the current density, and po 
the resistivity of the ground in absence of polarization—see equation (6). 

The potential difference V between any two points A; and Ag is given by 


Ag 
ve f E,-dl. (2) 
A 


* Manuscript received by the Editor November 22, 1957. 
t University of Georgia, Athens, Georgia. Formerly with the Magnolia Petroleum Company, 
Field Research Laboratories, Dallas, Texas. 
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——— SQUARE CURRENT PULSE 


POTENTIAL DIFFERENCE 
CURRENT 
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POTENTIAL ELECTRODES 


TIME 


Fic. 1. Potential response of a square current pulse. 


For square current pulses or alternating currents it is found that induced 
polarization is directly proportional to the current amplitude or magnitude; 


that is 
P=-— pl, (3) 


where the minus sign indicates that P has the opposite direction to J. Experi- 
ments indicate that P gradually increases with time for steady currents and 
hence p depends upon time. We may rewrite equation (1) as 


E, (po + py, (4) 


E, = pl, (5) 


p= port p. 


The parameter p will be referred to as the effective resistivity. 


II. PROPAGATION IN POLARIZABLE EARTHS 
From the work of Henkel and Van Nostrand (1957) and of Roseburgh and 


Miller (1910), it follows that for relatively high frequencies the induced polariza- 
tion for alternating complex currents with angular frequency w is given by 
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e 


(8) 
Vw 
where fp is a constant. Experimentally it is found that these relations are valid 
for frequencies above 30 or 40 cps. 

Equations (6) and (8) were applied to the data of Yost’s (1952) Figure 8 and 
resulted in a slightly better fit than that of Yost. The theoretical curve in Figure 
8 of Yost’s paper is a plot of 


R = — [1 + ikr + (ikr)?], (9) 


versus frequency where 


(ikr)? = ipwor’. (10) 


Here r is the distance between an underground receiver and a transmitter, u is 
the magnetic permeability of the ground assumed to be constant, ¢ the effective 
electrical conductivity of the ground, and w the angular frequency of the trans- 


mitter. 
Using equations (6) and (8) the effective conductivity is given by 


where 


(ikr)? = 
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Figure 2 shows the variations of the AC response between the potential electrodes 
with respect to changes in £ for different values of a. The a=o curve corresponds 
to the theoretical curve of Yost’s Figure 8. Figure 2 of this paper also shows 
attempts to fit the data to the curves a=o0.0 and a=o.1. The points corresponding 


1 
0.5 5.0 20 


Fic. 2. Transmission in polarizable earth. O values from Yost’s paper fitted to 
a=o.0 curve. [_] values from Yost’s paper fitted to a=o.1 curve. 


to the frequencies 70 cps and 100 cps (¢?=0.48 and #=0.68) are unreliable. 
Omitting the 70 cps and the 100 cps points we se that the fit is slightly better 
for the a=o.1 curve. 


Ill. INDUCED POLARIZATION IN TWO-LAYERED EARTH 


For square current pulses the potential difference between the potential 
electrodes, neglecting telluric potentials and electromagnetic sp-kes, depends 
upon the induced polarization and the current during the time that the current 
is flowing and depends upon the induced polarization while the current is not 
flowing. The expression in Jakosky (1950) for the potential difference V between 


| 
1.4 
° 
y 
1.2 
as0.0 
1.0 \\\ 
az0.2 
a:0.3 
4 
= 8 
\ 
By 
6 
A 
\ 
2 
: 
50 
on 


THEORETICAL CONSIDERATIONS ON INDUCED POLARIZATION 303 


the potential electrodes of a Wenner spread for a steady current of strength / 
and for a two-layered earth is given by 


call I I 
27a Vit 4b? 4770? 


and 


(18) 


Here a is the Wenner electrode separation, d is the thickness of the top layer, 
p; is the effective resistivity of the top layer, and pz the effective resistivity of 
the bottom layer. The potential difference V, between the potential electrodes 
because of the polarization immediately before and immediately after the current 


is turned off is given by 


¥,=V,— Ve (19) 


where V, is obtained by substituting the effective resistivities into equation 
(16) and Vo is obtained by substituting the resistivities for zero polarization 
into equation (16). Since p is at the most only one or two percent of pp we may 
approximate V, by 


(20) 
= 2 
Opi 4 Op2 7 


pi 2 OV = 
V pi V dQ L (p1 + 


Equation (21) shows that the only time induced polarization measurements 
contribute to depth indications in addition to that given by resistivity measure- 
ments is when p/p: is much different from p:/p2. The most important cases for 
these ratio differences occur when either ~:=0 or ~f2=0. For example, when 


pi=o 


20 Gt 


= 


Table I gives values of (1/V)(@V/dQ) for different values of 6 and Q. 
It might be remarked that (1/V)(@V/0Q) or V,— Vo is much easier to evaluate 


where 
p2— Pi 
(17) 
po t+ pi 
d 
= 
a 
or 
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TABLE I 
CoMPUTED VALUEs OF (1/V)(@V/dQ) 


—0.4 —0.2 


3.1250 . 3810 .0833 . 0000 
.1168 - 3634 .0486 -9322 
3.0231 2043 -9194 +7527 
.6022 .9887 -5143 
-9949 -6120 - 3054 . 2065 5 
.4070 .2572 -1245 -0396 7 96818 
.0807 -97118 .89609 8.84575 8155 80459 3. ~+.86880 
80935 -75300 .71357 .68649 .66876 -72710 
-61818 - 59071 57091 55826 -55205 - 55634 -O1112 
48114 . 46858 .46014 -45508 46369 51515 
. 38091 .37622 37402 - 37404 38761 -43540 
30015 - 30559 30071 - 30987 32525 309006 
24938 25003 25372 . 25809 . 27416 - 31386 
. 20556 . 20813 . 21167 . 270490 92% 23224 . 26789 
.17126 -17423 17802 . 18287 -19774 . 22958 
14405 -14711 . 15085 -15551 . 16926 -19758 
.12221 .12518 .12875 -13310 1385 .14565 -155 . 17079 
. 10730 . 11062 11463 - 1195 .12599 .14828 
.08776 -09259 09504 .09929 10378 - 10953 - 117: - 12931 
7596 .08039 .08317 .08648 .09508 11326 
.06616 .O702I1 -07272+ .07572 -07930 .08398 -09962 


oOo 


om 


oo 


than the triple integral given by Frische and Von Buttlar (1957). Also, V, as 
well as (1/V)(0V/0Q), may be solved for multilayer cases by the usual methods. 
For a three or more layered earth V and (1/V)(dV/dQ) may be evaluated quite 
simply if they are left in terms of integrals (integrals involving one variable 
rather than three) involving exponentials and Bessel functions. 
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SELECTION OF NEW REGIONS FOR OVERSEAS EXPLORATION* 


W. E. WALLIS{ anp E. M. McNATTT 


ABSTRACT 

Many non-technical problems involving legal, tax, currency, and associated subjects must be 
studied and resolved as a prelude to the launching of an exploration venture in a new region. Cost 
estimates and forecasts of capital investments required for the development and production of possible 
discoveries are important factors for consideration. An estimate of minimum exploration expenditures 
in case of failure is usually required. In general, remote and thinly populated regions require better 
geological prospects than do industrialized countries. Prospects of new, unproved areas are usually 
assessed by geological comparison or contrast with known petroliferous provinces. In this regard, 
Denmark is a good example. In cases where ventures are restricted to comparatively small fractions 
of a new country or sedimentary basin, an approach toward selection of acreage is illustrated by brief 
case histories from Turkey and Libya. Problems of staffing, organization, and programming are 
discussed briefly. 


INTRODUCTION 


Interest by domestic operators in finding oil outside the United States has 
grown tremendously in recent years. Today it would require several pages to 
list the United States participants in current overseas oil-finding ventures, 
whereas fifteen years ago they could have been counted on one’s fingers. Indica- 
tive of this trend is the fact that last year’s oil investments abroad accounted for 
about 50 percent of all new foreign capital investments by U. S. industry. 
Although a variety of factors contributed to create this new situation, it seems 
that the dominant element is the continued and inevitable increase in the cost of 
finding oil at home. This cost has gone from 1o¢ per barrel to almost $1.00 per 
barrel during the last twenty years in spite of tremendous improvements in 
exploration tools and techniques. 

The Jersey company has long participated in the world-wide search for oil. 
Currently, it is conducting exploration programs in a number of countries where 
no oil has yet been found—Guatemala, Libya, and Denmark, all on different 
continents. Turkey could also be included, although it does possess two small oil 
fields in its extreme southeast corner. Most of the Turkish territory now being 
explored, however, has no existing oil fields. In addition, Jersey participates as 
a non-operator in other new and as yet unproved regions of the world. 

The purpose of this paper is to discuss overseas exploration, in general, and 
to highlight some of the considerations which guide the Jersey company in the 
selection of new regions for exploration. Many of these considerations are self- 
evident, but a résumé of the problem as a whole may be of interest. Twenty 
years ago the United States was a large net exporter of crude and products. In 


* Paper read at the 27th Annual Meeting of the Society at Dallas on November 13, 1957, and at 
the meeting of the Colombian Geological and Geophysical Society at Bogota on March s, 1958. 
Manuscript received by the Editor January 2, 1958. 

+ Standard Oil Company (New Jersey). 
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those days foreign consumption was comparatively modest. Consequently, ex- 
cellent prospects for large volumes of low-cost reserves normally were regarded 
as necessary in order to make a foreign venture attractive. Guide posts for de- 
termining whether or not a new overseas exploration venture should be launched 
have evolved with the changing times. Jersey is today ready to risk its explora- 
tion money in a region where prospects are not in the bonanza category, with the 
full realization that even moderate success may not crown its efforts. 


DECIDING ON A NEW VENTURE 
Geology 


In deciding whether or not a venture should be attempted in a new and un- 
proved region, many factors must be evaluated. In so far as geological considera- 
tions are concerned, the approach to the problem by experienced explorationists 
is probably very similar. Everything known and inferred about the occurrence of 
oil in the earth is based on experience. In assessing the prospects of a new and 
untested region, it is important to make comparisons, noting geological similar- 
ities and contrasts between the region for study and areas where commercial 
oil fields have already been found. Although it is usual to seek as much geological 
information as possible about a new area, sometimes such data are extremely 
limited. In rare cases the explorationist might be forced to admit that all he 
really knows is that a fairly large area is blanketed by a reasonable thickness of 
sedimentary rocks. 


Non-technical Factors 


Decision on a new venture also involves many non-technical factors. The 
number and complexity of these considerations seem to increase rapidly as the 
years go by, with lawyers, tax experts, economists, and forecasters playing in- 
creasingly prominent roles in making such decisions. 

Certainly, there must be good assurance that the legal, tax, and currency 
conditions which govern such an operation would permit earning a reasonable 
profit and remitting dividends if commercial production should be discovered. 
No one wants to gamble with loaded dice. 

Another important factor is the management prerogative: the right to make 
its own business decisions. Jersey prefers a one-hundred-percent owned venture 
wherever possible. 


Economics 


Since a private enterprise company is interested not only in finding oil, but 
also in developing and producing it at a profit, careful forecasts must be made of 
exploration expenditures and also of the costs and investments which would be 
required to develop, produce, and transport the oil it hopes to discover. Even in 
the so-called “low-cost” countries geological, geophysical, and exploration drilling 
operations usually turn out to be considerably more expensive, and somewhat 
less efficient, than in the United States. For example, the cost of a seismic crew 
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in Libya is $75,000 to $100,000 per month, including mine clearance. In the Peten 
of Guatemala, the comparable figure is said to be about $90,000. Even in France, 
where no camps are required and an excellent network of roads is available, the 
figure is about $38,000 per month. 

In spite of the fact that overseas exploration, on a unit of work basis, may be 
much more expensive than in the United States, the record shows that finding 
costs have been much lower. This does not, of course, rule out the possibility of 
some very expensive failures where nothing is salvaged. In this respect, the sad 
example of eastern Ecuador readily comes to mind, where Shell and Jersey spent 
some thirty-seven million dollars before giving up and renouncing the concession. 

As a general! rule, stakes are much higher in the overseas oil-finding game 
than at home, and in order to come out on top the player needs lots of blue chips 
and staying power, or exceptionally good luck. 

New areas for overseas exploration may be divided broadly into two cate- 
gories: (1) large, thinly populated regions, with no significant market outlet for 
petroleum products; (2) industrialized countries with an appreciable and growing 
demand for products. In the first category, Libya, for example, prospects for 
fairly substantial discoveries should be a prerequisite. In the second category, 
such as Denmark or France, competition for indigenous market outlets would 
strongly influence a decision to search for new reserves in more marginal areas 
where only modest discoveries could be anticipated. 


OBTAINING EXPLORATION ACREAGE 


If the geological conditions are encouraging, the political climate is reasonably 
favorable, and these and other factors forecast a reasonable possibility for eco- 
nomic success, the next step is to obtain an acceptable land position. As the 
reader will no doubt realize, there are almost as many different procedures for 
awarding permits, licenses, or concessions as there are foreign governments. 
Generally speaking, however, they all have similar objectives: first, to promote 
rapid exploration and development, and, second, to obtain for the government the 
largest possible revenue. One way of gaining these ends is to provide plenty of 
competition. Another is to oblige the concession applicant to assume certain work 
obligations. In this latter case, one must face up to these questions. What mini- 
mum work commitment, in terms of money or effort, can reasonably be made? In 
case of failure, what minimum sum or effort would be expended before throwing 
in the sponge? These can be very tough questions, bearing as they often do on the 
prospects of little known regions with no wildcats, no geophysical atte and 
inadequate knowledge of surface geology. 


EXAMPLES 


Denmark 


As previously mentioned, an unproved region is rated most often by com- 
paring it, geologically, with a proved petroliferous province. Denmark is a good 
example. In spite of the fact that Gulf suspended operations before discovering 
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Fic. 1. Geological comparison of Denmark with an oil-field region in West Germany. 


oil, Jersey felt that prospects were still sufficiently good to justify resumption of 
an exploration program there. This belief was based primarily on a geological 
comparison between Denmark and certain oil-field areas of the Netherlands and 
West Germany. The comparison is graphically demonstrated in Figure 1. This 
compares a cross section through Jutland with one across the Hanover oil-field 
area of West Germany. Stratigraphic, lithologic, and structural similarities be- 
tween these two regions are unusually striking. Both are Permian salt basins con- 
taining piercement domes. Both, also, have well developed Lower Cretaceous- 
Jurassic sections in a predominantly shale-sandstone facies. Likewise, both of 
these strata are unconformably overlain by Upper Cretaceous limestones. The 
Jersey program in Denmark is just getting under way and actual wildcatting is 
only now being resumed. 


Turkey 
Large overseas concessions, covering an entire country or a significant frac- 
tion thereof, are now the exception rather than the rule. So the next question is: 
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How are areas for exploration selected in a competitive situation where the size 
of individual concessions is restricted by law? Here again, the easiest way to 
answer this question is by an example, such as Turkey. When the new Turkish 
petroleum law went into effect, all interested parties submitted initial lease 
applications and overlaps were settled by arbitration. For leasing purposes, the 
country is divided into districts. An operator cannot apply for, or hold, more 
than 400,000 hectares (about one million acres) in any one district. Initially 
there were twelve concession applicants and the overlap situation was severe in 
most areas. 

Figure 2 is a lease map of Turkey, showing Esso Turkey’s concession holdings 
and those of industry as a whole. A brief explanation of how this acreage situa- 
tion came about follows. West of Istanbul, in the Thrace basin of European 
Turkey, the guiding components were the results of rough gravity meter and 
surface geology reconnaissance completed just before the new law became effec- 
tive. Thrace cannot be regarded as the most prospective region of Turkey, but 
because of its favorable geographic location it was the most competitive leasing 
area with portions being overlapped by as many as eight different applicants. 
As a result, the intial Esso Turkey applications were somewhat modified but 
not radically changed. The northernmost block was selected to cover a large 
down-to-basin fault, on the shelf side of the basin, as interpreted from gravity- 
meter data. Seismic surveys subsequently corroborated this interpretation and 
structural closures were shot out, on both sides of a major strike fault, having 
a throw of from 2,000 to 4,000 feet. Esso Turkey’s central block covers a fairly 
obvious surface anticline in a deep basin position. The southern tier of leases is 
on the mobile side of this small basin. The primary objective in Thrace was to 
sample the basin by covering a variety of prospects in different basin positions. 
It is fairly apparent that this objective was accomplished. Now it remains to be 
seen whether or not the region will produce commercial oil. 

South of Ankara, there is a fair-sized interior basin, Tuz Gélii by name, 
with a thick sedimentary column ranging in age from Upper Cretaceous through 
the Tertiary. Fossil oil sands are exposed on surface structures in the northwest 
portion of this sedimentary area, and there is a small active seep near Ankara. 
Obviously competition put little or no value on this basin, since Esso Turkey, 
being the only initial applicant, obtained a solid block of 400,000 hectares. This 
area boasts a number of puzzling geological complexities, including Tertiary 
vulcanism. It must be regarded as a fairly long-shot gamble, but its prospects 
are believed good enough to justify a serious exploration program. 

Another area where Jersey was the only applicant is that of the Antioch 
graben, south of Iskenderun. Interest here was generated by certain geological 
similarities between this area and the Gulf of Suez, where major oil fields have 
been found. 

In Districts V and VI of southeast Turkey, an attempt was made to spread 
exploration licenses over as wide a variety of prospects as possible which were 
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Fic. 3. Concession map of Libya. 


based on data then available. Due to the competitive situation this objective was 
only partially attained. 


Libya 


Figure 3 is a concession map of Libya. The Kingdom of Libya is a large, arid, 
thinly populated region with no significant market outlet for petroleum products. 
Here, Jersey made two primary plays and came out reasonably well, acreage- 
wise, in both instances. Competition for concessions was comparable with that 
previously described for Turkey, but limitations on the size of one’s holdings 
were not so severe. In Libya, Jersey finally obtained about twenty-five million 
gross acres as contrasted with 3.3 million in Turkey. 

In the coastal area of Libya, the Jersey objective was to obtain as large a 
block as possible in the so-called Sirte Tertiary embayment. Esso Libya’s con- 
tiguous blocks in northwestern Cyrenaica and adjacent Tripolitania, embracing 
6.8 million acres in this Tertiary area, were regarded as quite satisfactory. 
Prospects here are highly speculative, but there are some very large structures 
beneath the mine fields. The concession in southeast Tripolitania is more or less 
as originally selected, but Esso’s other holdings in the Provinces of Tripolitania 
and Cyrenaica were not applied for originally and came as a result of negotiating 
the application overlap situation. 
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Jersey’s second main objective in Libya was to get a fair-sized area for explora- 
tion in the interior Paleozoic region of the Sahara Desert. Initially, Jersey ob- 
tained a five-million-acre concession on the Algerian border. Libyan-American 
(Texas Gulf Producing) and Esso Libya were the only companies making an 
original Paleozoic play in the Fezzan, and the Libyan-American dropped out 
early in 1957. Two more Fezzan concessions were granted to Esso Libya after 
the Edjele oil field was discovered just across the line in Algeria, thus bringing its 
total holdings on this Paleozoic play up to eleven million acres. The Edjele 
discovery, along with other developments, was responsible for recent applica- 
tions in the Libyan Sahara by Socony-Mobil, Gulf, British Petroleum, and 
others. It also led to a considerably accelerated exploration program, with active 
wildcatting already in progress, something certainly not anticipated on entering 
Libya. 


OPERATING THE NEW VENTURE 


So far, this paper has dealt with the preliminaries to actual exploration of 
a new region. In order to round out the picture, something should be said about 
the Jersey approach toward the staffing of new exploration ventures, the initial 
programs, and the degree of New York supervision. 

With regard to key personnel for the new companies, it depends largely 
on its operating affiliates who are usually kind enough to make available in- 
terested and qualified candidates for such positions. A number of the people in 
Jersey’s New York Producing Coordination Department have had extensive 
foreign experience, and this numerically modest source is occasionally tapped 
The Carter Oil Company conducts a training program, at Jersey expense, for 
recent graduates in geology and petroleum engineering who can be made avail- 
able for assignment to new overseas exploration ventures. On occasion, experi- 
enced new employees are actively recruited. Contractors are relied upon largely 
for geophysical field work and for drilling. 

The size of a new organization is governed by circumstances, and these are 
never the same. Naturally, the staff grows as the program gains momentum. The 
objective is a competent and numerically adequate group for an efficient opera- 
tion. In practice, the new organization is usually shorthanded in the initial 
stages, but it must guard against the inevitable tendency to overstaff as the 
program progresses. 

Actual exploration programs are fairly orthodox. An attempt is made to get 
a reasonably good idea of the broad basin geology picture as soon as possible. 
When searching for oil in new regions it is believed that the basin setting of a pros- 
pect is more critical than local structure. In this respect, the old-fashioned 
field geologist plays a dominant role. The reconnaissance field geologist working 
in remote jungle or desert regions is the pioneer, but this life has its compensa- 
tions, such as early morning coffee in bed. (See Figure 4) 

Photogeology is, usually, a most valuable adjunct. Air photo coverage of 
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Fic. 4. Early morning coffee on a geological field party in the Libyan Sahara. 


one kind or another, in fact, plays a vital role in almost all new areas. In Guate- 
mala, for instance, a part of the price paid for acreage is the obligation to provide 
the Guatemalan government with good geographic base maps. Photogrammetry, 
using Shoran control, is a practical way to produce such maps. In this instance 
it was also feasible to obtain reconnaissance airborne magnetometer coverage 
as part of the same project. 

The decisions about the kind and amount of geophysical work to do are 
often difficult. More and more areas wherein surface geological data are sparse 
or non-diagnostic are being explored, however, and geophysics plays an im- 
portant role in nearly all new foreign exploration ventures. 

Magnetic data are believed to be most useful primarily for obtaining an idea 
of broad basin features in the early phases of exploration. An airborne magnetic 
survey quickly gives some indication of basement depths. Such deductions are 
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Fic. 5. Mine sweeping for Gravity Meter Survey, Northern Libya. 


more trustworthy, of course, when combined with surface geology and some 
information on the kind of basement rocks which are being dealt with. 

The gravity meter is also useful as a reconnaissance tool. It provides rapid 
coverage of large areas. The data are useful in determining regional structure, 
and local anomalies usually give reliable indication of possible drilling prospects, 


particularly in Tertiary and Tertiary-Mesozoic areas. In most cases, it is possible 
to confine the follow-up seismic program primarily to shooting out gravity leads. 

Although the seismograph is very costly in most instances, wildcat drilling 
is even more expensive. Consequently, the inclination is to do at least some 
seismograph work on most prospects before drilling. Even when surface geology 


Fic. 6 Disarming a land mine. 
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Fic. 7. Detonating land mines. 


furnishes good data, a seismic check probably would be made if there is reason 
to suspect that the subsurface structure may not conform with surface geology. 

Mine clearance is one of the unusual requirements in conjunction with 
geophysical work in Libya. Since this operation may be of interest, the next four 
photographs show how this work is done (Figures 5 through 8). 

With regard to actual wildcatting, the common mistake is too early a start. 
This results almost inevitably in an unnecessarily large percentage of dry holes, 
and it does not attain the primary objective of finding commercial oil as cheaply 
and as rapidly as possible. It must be remembered that drilling rigs are usually 


lic. 8. Geological convoy crossing a mine field on a safe track swept and 
marked by mine clearance crews. 
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Fic. 9. North American geologist and Bedouin host preparing tea, Libyan Desert. 


shipped thousands of miles into the subject region, a time consuming and ex- 
pensive operation. Contracts are normally on a minimum basis of one or two 
years. Consequently, it is essential that enough drillable prospects be available 
to keep the rig profitably employed, at least for the contract period. In general, 
it is preferred to start slowly and build up gradually to the wildcatting stage. 
This policy must, on occasion, be modified for legal or political reasons. 

With regard to the supervision of new exploration ventures, a word about 
relations between the operating company and Jersey’s New York office may be 
of interest. A new overseas exploration program is initially supervised rather 
closely by the New York office. As the local staff grows and gains in experience, 
it assumes more and more direct responsibility with only advice and counsel 
from the parent organization. The Jersey aim is for the new company to become 
reasonably self-sufficient as soon as circumstances will permit. 
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OBLIGATIONS TO FOREIGN COUNTRIES 


In overseas operations, including all phases of the oil business, foreign opera- 
tors assume certain moral obligations. The Jersey company believes that every 
reasonable effort should be made to conform to the customs and established 
procedures of the country in which it operates. Preference is given to the em- 
ployment of nationals wherever practicable, and opportunities for their training 
and advancement are provided. The best interests of the host nation are always 
considered. The expatriate staff and the local company are expected to be good 
citizens at all times. Jersey likes to believe that its overseas operations are con- 
ducted in such a manner as to promote good international relations and mutual 
understanding between peoples. One aspect is illustrated by Figure 9, which 
shows an Esso Libya field geologist participating in a desert, tea-drinking ritual 
with a Bedouin friend. 
CONCLUSION 


In conclusion, Jersey does not pretend to have any “secret weapons” for 
finding oil in unproved regions. An examination of its record would show more 
failures than successes, but it is always optimistic and always confident of doing 
better the next time. The risks involved in this most fascinating and important 
facet of the oil business are considerable, but these risks can be reduced to a 
profitable minimum by perseverance and by taking maximum advantage of 
experience, modern techniques, and the deductive reasoning available to the 
industry. 

The influx of new blood into the world-wide oil search is welcome. Any 
reasonable forecast of the Free World’s future energy requirements staggers 
the imagination. The Jersey company is confident that America’s petroleum 
industry will play a dominant role in satisfying these requirements, but an 
intensified world-wide search for new sources of supply is certainly indicated. 


— 
317 


GEOPHYSICS, VOL. XXIII, NO. 2 (APRIL, 1958), PP. 318-328 


INTERDEPENDENCE IN WORLD-WIDE OIL EXPLORATION* 


ABSTRACT 


Current exploration for oil is being conducted by governments, major integrated oil companies, 
independent oil companies and syndicates, all of whom have different interests. The interdependence 
of the various aspects of exploration, production, transportation, refining, and consumption within 
the oil industry is obvious; but the interdependence of the producing, transit, refining, and consuming 
countries has only recently been realized by the world. Within the exploration branch of the oil indus- 
try the mutual dependence of geological and geophysical methods has become generally accepted over 
the past thirty years. Good early training and collaboration along the whole chain of exploration can 
solve many industrial problems, and education can solve the world-wide problems between countries 


INTRODUCTION 


The search for oil covers the globe. Active exploration is in progress in more 
than seventy countries ranging in size from Nicaragua to the Soviet Union, from 
the Gambia to the United States. In the first part I wish to show by a few exam- 
ples how diverse and yet how interdependent are the interests behind that ex- 
ploration in the producing countries, the transit countries, and the consuming 
countries. In the second part I wish to turn to the organization of the exploration 
side of this world-wide oil industry and discuss the interdependence of the geo- 
physicist with his colleagues and particularly with the geologist. 


PART I. WORLD-WIDE INTERDEPENDENCE 
THE PRODUCING COUNTRIES 


The major producing areas of the world are: 

(1) The United States where major, integrated companies, independent com- 
panies, and individuals seek and produce oil. 

(2) The Middle East and the Venezuelan-Caribbean area where major and 
recently independent companies and one government in each area, viz., 
Persia and Mexico, are involved in active exploration and production. 

(3) The Soviet Union where only a government is involved. 


The U.S.A.—U.S.S.R. 


Let us first deal with the United States and the Soviet Union which are both 
major producers and major consumers. In both countries there is talk of self- 
sufficiency in oil—the opposite to interdependence. In Russia that self-sufficiency 
is possible. In the first place, it is rigorously enforced by a single-party dictator- 
ship, and, secondly, the oil potential is probably far above its immediate needs. 
In the United States self-sufficiency is less possible. It cannot be rigorously en- 
forced under a democratic constitution which makes conflicting internal inter- 


* Presented by invitation before the 27th Annual Meeting of the Society in Dallas on November 
13, 1957. Manuscript received by the Editor November 11, 1957. 
+ Triad Oil Co. Ltd., Canada. 
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ests more difficult to control, and, secondly, its oil resources are no longer ex- 
panding as fast as its consumption. 

Furthermore, the whole history of the industry in the United States has been 
vigorous because of the freedom of the individual, whether it be oil man, scientist, 
or company; and government regulations have been designed to foster exploration 
and yet to prevent waste and protect the individual’s rights. That vigor and the 
spirit, if not the letter, of those government regulations have encouraged the 
citizens and companies of the United States, which are foreseeing also, of course, 
the future needs for overseas reserves, to develop the oil industry outside the 
U.S.A. in the last 25 years, and particularly in the last 10 years. 

Hence, whilst the Soviet Union can be self-sufficient and independent, the very 
spirit of the United States oil industry and its own resulting foreign holdings 
are against isolationist self-sufficiency and necessitate world-wide interdepend- 
ence. 

Let us now consider the other two major producing areas where world-wide 
interdependence is very obvious: 


The Middle East and the Venezuelan-Caribbean Area 


In both areas it is predominantly the enterprise of the world’s major oil 
companies—British, Dutch, and French as well as American—which has led to 
the successful exploration, production, and transportation to market of the oil 
resources of these more or less underdeveloped countries. We shall, however, 
stress only government-oil company profit-sharing relationships. 

First in Venezuela and then in Persia, Iraq, Bahrein, Saudi Arabia, Kuwait, 
and Qatar, oil revenue became the dominant item in the country’s economy. It 
was first in Venezuela and later as a direct result in the Middle East that there 
was evolved the so-called 50/50 basis of profit sharing between the state and the 
oil company. There have been recent signs, particularly, and most importantly, 
in the Middle East, of an apparent development away from the 50/50 sharing 
principle, namely, in the entry of governments into the oil industry as participat- 
ing partners. This development, whatever its results in practice, will undoubtedly 
have repercussions elsewhere. 

Here let me make a personal point. As an Englishman I have a distrust of 
slogans and excessively precise laws. They can, in changing circumstances, be 
dangerous. Their adoption or abandonment may apparently denote a revolution, 
whereas without them evolution might be easier and less painful. Hence I would 
suggest that great care should be taken by all to look at the circumstances of each 
case before passing judgment. 


THE TRANSIT COUNTRIES 


Let us now consider very briefly the transit countries which are also an inte- 
gral part of the world’s oil industry; and yet a major political incident was required 
for the world-at-large to recognize their importance. 
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If, in 1950, when the Canadian Inter-Provincial line from Alberta to Ontario 
was being built, Saskatchewan, Manitoba, and Wisconsin had copied Syria, 
Lebanon, and Jordan on a slogan of no transit without transit dues, then Ca- 
nadian oil would never have reached Sarnia. Think also of similar examples in 
the United States itself with its major pipelines through states individually 
stronger and richer than some of the countries of the Middle East. The Canadian 
provinces and the American states understand this very point of the interdepend- 
ence of the oil transit countries and the producing and consuming countries; but 
not so well the Middle Eastern countries, as the recent Suez incident showed. 
The Canal was closed and the lines crossing Syria were sabotaged. The obvious 
result is that every effort is being made, through the increased building of large 
tankers and the planning of other pipelines, to reduce reliance on Egypt and 
Syria as oil transit countries. A transit country relies on the good will of both the 
producers and the consumers, a truism that is probably better, if not yet fully, 
understood as a result of the events of the past year. It is also true that these 
transit countries appreciate more the need for their own oil, and they are, there- 
fore, trying to foster exploration; but capital demands some security of return in 
the event of success, and the stability of the transit countries continues to be 
doubtful. 


THE CONSUMING COUNTRIES 


On the other hand, the consuming countries of Western Europe have sufficient 
stability, and their natural reaction to the recent partial interruption in their oil 
supplies has been immediate and vigorous, viz., to find more indigenous oil or 
alternative sources of energy. France in particular has increased its oil-explora- 
tion efforts, and the discoveries in the Sahara were most opportune. Even, there- 
fore, in the traditionally consuming areas of Western Europe the tempo of ex- 
ploration has been increased because of conditions in the Middle East transit 
countries. Similarly the cry for more domestic oil in the United States has been 
made louder by these selfsame conditions halfway around the world. 

It would be possible to develop this theme with many more examples and 
binding arguments, but we wish only to stimulate thinking by geophysicists 
about our industry in its broader aspects; for, as is appreciated by many, the 
exploration geophysicist, like every other member of this world-wide industry, 
has a duty to further a better public appreciation of the nature of the industry. 
He can only do this if his knowledge is adequate. 

Let us turn now to internal operations within the industry where the geo- 
physicist’s knowledge may be adequate but his thinking should still be stimulated. 
Like any of the countries that have been mentioned, the geophysicist is also not 
in a vacuum. The geophysicist is working with management and alongside other 
scientists, particularly the geologist, to find oil in the most efficient and economi- 
cal manner. 
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PART II. INTERNAL INTERDEPENDENCE 
As the problems being set for the geophysicist become more difficult, there is 
increasing need, as several speakers in recent years have stressed, to: 

A. fit the geophysical techniques to the geological problem, 

B. watch the costs, and 


C. work closer with the geologist. 
In all of these points there is a management aspect which is receiving more 


and more recognition by geophysicists. 


A. THE TECHNIQUE AND THE PROBLEM 


The Impact of Geophysics on Management and Governments 


In the early days geophysical structural maps based on measurements of 
physical quantities had a great appeal to nonscientific management in oil com- 
panies and to governments. The geologist made recommendations hedged with 
many alternatives based on complicated, highly-colored maps and sections, all 
gathered from a survey costing only tens of thousands and considered by most 
to be merely a camping holiday. The geophysicist scored with his costly, ultra- 
delicate equipment and his complicated formulae. Furthermore, geophysics was 
successful. One recalls the days when, to the virtual exclusion of geology, the 
torsion balance and the reflection and refraction seismograph discovered many 
prolific oil-bearing salt domes in the plains of Texas and Louisiana. Thereafter 
nonscientific managements could hardly be blamed for preferring relatively costly 
geophysical surveys which had such oil-finding success. 

Somewhat similar thoughts undoubtedly have also influenced governments, 
both those who by regulation call for work performance in terms of money on 
lands acquired for exploration and those who less precisely demand exploration 
according to good modern practice. In some places, as in Alberta, Canada, sub- 
surface work is required in the second year of exploration of reservations. Geo- 
physics qualifies as subsurface work; geology normally does not. Mountainous 
terrain may make structural elucidation by geophysics virtually impossible, yet 
outcrops are common and give depth control for the geologist. 

In brief, there is little doubt but that large sums of money have been spent 
unnecessarily on geophysics because of its glitter to managements and govern- 
ments. 

In these thoughts we in no way deprecate the past remarkable achievements 
of geophysical exploration; but how can we avoid such waste in the future? 


Fitting the Technique to the Problem in the Future 


The closest possible collaboration with the geologist may be the main solution, 
but there are other important points which can be made, based on the inter- 


321 


322 


D. C. ION 


dependence of the geophysicist with his other colleagues. Eight points of seem- 
ingly great importance are the following: 


I. 


To obtain all possible information before a survey, the geophysicist should 
much more frequently press for a stratigraphic test hole before starting 
work. This may not always be possible, but in areas of unknown stratig- 
raphy too much geophysics before locating the first hole may be a highly 
unscientific procedure. 


. The geophysicist must destroy any last, lingering idea that the value of a 


geophysical survey is in the mileage covered. One or two profiles over a 
structural culmination or trend suggested geologically may be as effective 
and far more economical than a widespread grid. 


. The geophysicist must beware of the glamor of new techniques. The de- 


velopment of reproducible recording on magnetic tape and on variable 
density film is undoubtedly the most striking innovation over the past five 
years. It has many advantages, but it may not be necessary in all circum- 
stances; and if the impressive products of plotting devices were turned over 
to management as the only answer which geophysics can provide, drilled 
fact could soon destroy confidence. 


. Presentation of results is most important. Many appreciate the dangers in 


contouring and, therefore, the pitfalls in structural or isopach maps. 
There are also pitfalls connected with the new section-plotting devices. 


. Increasing care must be taken that all the varied weapons in the geophysi- 


cal armory are considered, e.g., telluric prospecting. I know that all geo- 
physicists will say that they do consider all possible techniques, but I also 
appreciate the restricting influences of experience, contacts, prejudices, 
and the other human inhibiting factors. 


. The geophysicists must fight to apply the right survey at the right time. 


Many factors may be adverse, such as budget or regulation considerations, 
but he must fight. Canada, with its two operational seasons, summer and 
winter, separated by “‘freeze-up” and “break-up,” and its varied terrain, 
can possibly offer more examples than any other country of the most eco- 
nomical and efficient work made difficult by such considerations. 


. Mainly because of such considerations the geophysicist, and more particu- 


larly the geophysicist-in-charge, must be in the closest contact with his 
colleagues of the planning, land, legal, and accounting sides. There is little 
doubt but that unnecessary and inappropriate surveys have been done 
because of the belated efforts of managements to meet commitments. The 
geophysicist, as part of the team, should know those commitments if he is 
to be of greatest value. 


. Finally, there is little doubt but that the education of managements and 


governments can best be done from the money angle. The preparation of 
cost analyses and comparisons can provide very telling arguments. 
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One can appreciate that over the whole industry the cost of geophysical ex- 
ploration may be a far smaller amount within the cost of finding oil than the cost 
of the drilling of dry holes. Hence some may say that it is not cheaper but better 
geophysics which is required. The work of all geophysicists is surely aimed at 
more efficient geophysical prospecting; but low costs are a factor in that efficiency. 
Let us now consider some aspects of costs. 


B. COSTS 


In his Presidential Address before this Society at its Denver Meeting in 1955, 
Mr. Paul Lyons pointed with some alarm to the narrowing margin between the 
cost of geophysical work, plus lease and wildcat drilling costs on geophysical 
prospects, and the value of the reserves resulting from this work. In 1954, the 
last year for which he had figures, the geophysical expenditure in the United 
States was $200,000,000, the lease and drilling cost on prospective targets located 
by geophysics was about $250,000,000, while the value of the oil and gas in the 
ground was slightly less than a billion dollars. Projecting trends of the previous 
six years, he predicted a crossing of the curves by 1964 unless the market price of 
crude oil went up or the efficiency of geophysics increased. 

Although figures for 1955 and 1956 on the cost of geophysical work in the 
United States have not been compiled, some judicious estimates based on SEG’s 
Geophysical Activity Reports show no significant departure from the trend Mr. 
Lyons has predicted. In Canada and in other petroleum areas where activity has 
been begun more recently than in the United States, the same levelling off must 
be expected, although it will come later. 

While appreciating that many on the geophysical side of the oil industry have 
been and are trying to reduce these costs, it may be well to stress that develop- 
ments in the industry, particularly cheaper drilling, though they might delay 
the cross-over on Mr. Lyons’ charts, could also reduce the use of geophysics. 
When, to obtain critical information, it is cheaper to drill a well than to employ 
geophysics, then a well will be drilled. Unless the geophysicist can devise an in- 
expensive method of obtaining information (the ideal one, of course, being the 
detection of the presence of oil itself), the future employment of the geophysicist 
may well be in jeopardy. 

Let us, therefore, turn to possibly the best way by which costs may be reduced 
and management better advised, namely, closer collaboration between the two 
essentially interdependent scientists, the geophysicist and the geologist. 


C. COLLABORATION BETWEEN GEOLOGIST AND GEOPHYSICIST 


This subject has been discussed many times and for many years, but it can 
merit more discussion; for, despite close contact for thirty years, collaboration 
between geologists and geophysicists is not necessarily easy. Their sciences call 
for different abilities and attract different types of men. The good geophysicist 
must be essentially a good physicist with high standards of accuracy and a desire 
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to distill everything to a precise formula. The geologist, on the other hand, has to 
make judgments from an accumulated mass of factual data based on so many 
factors that, with experience, much of the process is done unconsciously and he 
appears to feel or sense the result. 

In working together there must be “give and take”’ on all sides. The geologist 
must appreciate the need for the geophysicist to work from the known to the 
unknown as he himself does even if it entails extra mileage to tie to fact, e.g., a 
well or outcrop. The geologist must not over-simplify or overlook variations in 
physical characteristics proved by the geophysicist. The geophysicist must fit his 
techniques more closely to his problem. Managements must realize that in any 
area geophysics, like geology, needs a regional background and that it can rarely 
come up with a specific answer from a spot survey in unknown country. On the 
other hand, the best results are not necessarily obtained from the most costly 
survey or equipment or the most obvious maps. 

Let us, therefore, consider briefly one system of practical integration which 
can at the same time retain distinct the two types of information, probably cut 
down costs, and hope to satisfy professional pride. 

The first obvious and customary step is a geological report on which a de- 
cision is made to mount a geophysical survey. In planning that survey the geo- 
logical report is not sufficient. There must be the fullest discussion between the 
geophysicist and the geologist, and the latter must be neither too specific nor too 
vague in outlining the problem. Where possible, the geophysicist should visit the 
outcrops of the rocks whose physical characteristics he is attempting to measure 
at depth. 

During the survey the geologist must keep in contact with the interpretation 
of the results. There should be no hiatus in geological thinking, nor should the 
geophysicist lack geological help when necessary. 

The first report on a geophysical survey, however, should be a factual geo- 
physical report. While this may be controversial, that report should preferably 
be without any geological names or jargon. 

Then should come a report written jointly by the geologist and the geophysi- 
cist. It is this report and/or the joint comment by the chief geophysicist and the 
chief geologist which should be presented to management. 

Such a reporting system would, I believe, assist management far more than 
two separate reports which tend to keep alive an unnecessary and wasteful 
rivalry, human nature being what it is. 


SUMMARY 


In summary, the theme of this paper has been that no government (except 
possibly that of the Soviet Union), country (whether producer, transit, or con- 
sumer), company, or individual involved in the oil industry can live in a vacuum 
for long, neither can any exploration petroleum geophysicist. 

The petroleum geophysicist has a responsibility to know something of the 
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world-wide oil industry and its diverse interdependence. Furthermore, he, like 
every other applied scientist, must appreciate the objective of his employer. Par- 
ticularly by matching his techniques to the problem and by watching costs 
(whilst retaining the scientific approach), he must avoid an ever-increasing 
danger that his services will become too costly. Indeed it may be that only even 
closer collaboration with the geologist will preserve the livelihood of the geo- 
physicist in the oil industry. 


DISCUSSION* 
T. C. RICHARDSt 


I welcome this opportunity to take part in a written discussion on Mr. Ion’s 
paper because despite the fact that he and I had much discussion on the geo- 
physical aspects before the paper was presented, several points of disagreement 
remained. 

The internal interdependence of the geophysicist into the oil finding team 
has been a subject for recurring discussion especially in GEopnysics, over the 
past 20 years by such men as Rosaire, Kannenstine, Eckhardt, Wyckoff, Green, 
Nettleton, Lay, Lyons, and Davies, but usually as Presidential Addresses which 
enjoy the distinction of remaining aloof from criticism or public comment. It is 
quite clear, however, by studying the evolution of the very desirable partnership 
between the geologist and geophysicist and the integration of their respective 
sciences within the exploration framework, that considerable progress has been 
made. Of course, evolution has been slow just as it was in the transition from oil 
finding by pure wild-cat drilling to oil finding by the use of geological principles. 

By 1952, the President of the AAPG remarked that so much improvement, 
especially since World War II, had taken place that great mutual respect, appreci- 
ation, and co-operation between the geologist and geophysicist were reflected in a 
striking increase in oil-finding efficiency. On one of the rare occasions, however, 
when a lively discussion followed a symposium on “Integrated Exploration” at 
the Ninth Annual Midwestern Meeting at Denver in March, 1956, the writer 
maintained there was far more collaboration than was implied by a statement 
that the veil of “‘mysticism”’ would have to be dropped before the geologist could 
be “‘enticed”’ into the partnership; while one speaker, a geologist, went so far as 
to say that a ‘“‘geophysicist was a geologist.” Statements of this kind serve no 
purpose and are certainly not constructive. 

In 1957 Davies considered that the geophysicist and the geologist had, to all 
intents and purposes, achieved the final goal—full partnership—and I think this 
would be the general consensus from all responsible thinkers in the industry. 

In discussing the impact of geophysics on management and governments, 
Mr. Ion refers to the preferment of costly geophysical surveys by non-scientific 
managements following the easy geophysical discoveries of many salt domes. 
While this was true, it does not follow that large sums of money were spent un- 
necessarily on geophysics, for it can be established that the success ratio in oil- 
finding improved significantly by using geophysics alone or in conjunction with 
geology over that by using geology and/or wildcatting exclusively. It should be 
remembered, too, that these were the days of finding structure of small relief by 


* Manuscript received by the Editor December 9, 1957. 
+ Triad Oil Co. Ltd., Canada. 
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reflection and before geology could render valuable assistance in exploitation as 
more and more drilling data came to hand. Of course, if the same structures were 
sought today by the improved operating and interpretive techniques, costs would 
be relatively low. 

In the case of governments, however, Mr. Ion has raised an important aspect. 
It should be noted perhaps, that the Alberta government, of all the Western 
Canadian governments, is unique in disqualifying geology (alone) as sub-surface 
work, but for some months now the more desirable requirement of accepting 
geology as well as geophysics has been sub judice by the government. 

What does appear to result in a great waste of money is the unfortunate repe- 
tition of geophysical surveys over the same land by different oil companies, in- 
cluding those who own the oil rights and those who require the information to 
support their findings on neighboring lands on which they own the rights, or to 
be used in case the land at some time may be offered for sale. 

Mr. Ion’s eight points of “‘fitting the technique to the problem,” in order to 
avoid waste in future are well made, but I propose to consider some of them 
more closely and in turn:— 


(i) An early stratigraphic test hole has been the cry of the geophysicist for 
many years, but some managements prefer to wait until an attractive 
looking (and possibly oil-bearing) target is revealed before drilling. 

(ii) Geophysicists do not relate mileage covered to the value of the survey. 
Mileage covered is an important operational factor but is meaningless 
without a knowledge of all the factors involved—especially quality of re- 
sults. Unfortunately, mileage covered is so often required as a measure of 
a work commitment by Government or by another oil company in a farm- 
out deal, mainly because it has become a convenient factor for easy trans- 
lation into a money commitment, or because it remains as evidence that 
the work program was actually carried out. 

The new techniques such as the various record cross section presentations 
have as one of their main objectives an appeal to geologists and manage- 
ments, and my view is that these should beware of any “glamour” there 
may be. The geophysicist has shown a most cautious approach to accept- 
ing these innovations which must necessarily result in a reduction in inter- 
pretation personnel, but there is no question, now, that these new tech- 
niques should be resorted to on all occasions, in both gently and strongly 
dipping or faulted conditions. Of course, the geophysicist must continually 
refer to the unprocessed record in regard to seismic character. 

The only important restricting influence is that of experience or knowledge 
in considering the right geophysical weapon. 

There should be no necessity for a geophysicist to “fight” for the right 
survey at the right time. The issue in Western Canada is simple and well 
recognized; in the winter months or freeze up seismic surveys put out their 
maximum effort, while in the summer months when muskeg is a major 
hazard, the effort is a minimum. 


On the subject of costs, Mr. Ion aptly ventilates and emphasizes a situation 
which has been recognized for many years. Even before World War II some geo- 
physicists were alarmed at the increasing costs of finding oil in the United States 
and despite the many opinions of optimism as to the remaining reserves, these costs 
will certainly not get less. To those who listened to the panel discussion, “Finding 
Oil Tomorrow,” which formed a part of the Geophysical Program at the 1957 
Annual Meeting in Dallas, the future, as far as introducing cheaper techniques 
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in the application of known methods, looked gloomy indeed; while as for cheaper 
and newer methods, still more gloomy. It is not at all pleasant for a geophysicist 
to be told that his future employment may be in jeopardy, but this will be inevita- 
ble in the long run just as the geologist’s future looked black to some people 
when geophysics was in its initial boom. A distinction, however, lies in the fact 
that no new cheap science for oil finding is in sight. The possible introduction of 
refinement techniques into the seismic method such as could lead to an identifica- 
tion of physical, lithological, and thickness changes through amplitude and char- 
acter studies of wave form is not likely to result in lower costs, as more detailed 
observations would doubtless be required. The identification and elimination of 
energy scatter from seismograms is recognized by many oil companies as a po- 
tential factor in achieving more economical surveys, and it is to be hoped that the 
research in this regard that has been going on for some years will bear fruit. 

In Mr. Ion’s discussion on the more detailed collaboration between the geolo- 
gist and the geophysicist, I would like to add that the geophysicist must also 
make judgments as he does in record quality or in contour drawing through 
values of varying significance; his mind should be inquiring and not unimagina- 
tive. Both should not be reluctant to change or give in to the other. The geologist 
should be careful to interpret the geophysicist’s use of the words “possible,” 
“probable,” and “certain” in their correct meaning. Many other points of detail 
are discussed by Skeels. 

Mr. Ion’s views on report writing cannot pass without comment. It is a good 
practice for a geophysicist to be familiar with rock outcrops, but no inspection 
can tell him adequately what the physical properties of that rock are likely to be 
at depth. A geophysicist by training or by experience acquires geological knowl- 
edge; he could not practice his science otherwise. Such terms relating to names of 
formations and their ages, lithology, and stratigraphy must enter his report. This 
report will normally have benefited from discussions with more experienced geo- 
physicists and geologists. Comments by Chief Geophysicist and Chief Geologist 
should follow this report. There will be many occasions when management re- 
ceives the report long after action affecting drilling has been taken, and this will 
be based on an exploration discussion on preliminary seismic maps. 

One cannot help but reflect that the geophysicists, judged by their contribu- 
tions to the literature, have done more to bring about partnership than the geolo- 
gists, and that it is the geologists who constitute, as Eckhardt (in discussing col- 
laboration) put it as long ago as 1940, any “erosional remnants, usually capped 
by exceptionally resistant rock.’’ It is they and not the geophysicists who should 
be charged with creating a vacuum which, however, has today shrunk to small 
proportions. 
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DISCUSSION* 
J. P. WOODSt 


We often discuss cooperation between the geologist and the geophysicist. 
Actually, I think the cooperation is very good; just the same, I believe that good 
always comes from discussions of this sort. We are in a gambling business. After 
we have used our best geophysical science and our best geological science, we are 
forced to fall back on human judgment. We must then spend large sums of money 
based on our uncertain guess as to the conditions deep under ground. Why is it 
then that we in the exploration business are sometimes so very sure of our 
opinions? Perhaps it is the geologist who calls in the geophysicist, then tells him 
what the subsurface is like in the area which he is to shoot, and then tells him to 
go out with the seismograph and prove that the subsurface is like this. If we know 
exactly what the subsurface is like, why should we waste exploration money on 
a seismic survey? Or perhaps it is the geophysicist who has shot an area, who has 
not tried to find out anything about the geology of the area, who has given his 
records a most liberal interpretation, and who now insists that the under ground 
must surely be just like he says it is. Or, perhaps, there is some argument con- 
cerning the tie between two wells. The geophysicist may feel that he is correct 
even though he has had difficulty following the reflections across his records. Or 
it may be that the geologist’s tie between the two wells is regarded as sacred, 
and any error must therefore have occurred in the seismic work. However, after 
an investigation it may be discovered that the geological work was done by a 
young man, just six months out of school, and that his work was never checked 
by any other geologist. 

By all means, let us continue to talk about cooperation between the geologist 
and the geophysicist, and, when we talk, let us remember that one or the other 
of us, or even both of us, may be wrong. 


AUTHOR’S REPLYt 
D. C. ION§ 


I was and am grateful for the support given to my thoughts by Dr. Woods 
and, in his enlarged written comments, by Dr. Richards. 

I feel that I differ fundamentally from Dr. Richards on only one point. The 
official recognition of the partnership between geologist and geophysicist by ‘‘all 
responsible thinkers in the industry” is not, in my view, “‘the final goal” but 
rather a step towards the unattainable goal of perfect collaboration. The future 
will require many continuing adjustments as both scientists evolve into a more 
efficient oil-finding team. That even full partnership has not yet been attained 
is illustrated by Dr. Richards’ final ‘‘cri de coeur” that it is the geologist and not 
the geophysicist who is to blame for the lack of collaboration. 

In conclusion, I hope that the apparent interest aroused by consideration of 
the internal interdependence of the geologist and the geophysicist does not ob- 
scure the first point of my paper—that the world-wide interdependence of coun- 
tries, governments, companies, and scientists in the oil industry is a subject 
worthy of continuing consideration by the petroleum geophysicist. 


* Manuscript received by the Editor December 9, 1957. 
+ The Atlantic Refining Company. 

¢t Manuscript received by the Editor January 13, 1958. 
§ Triad Oil Co. Ltd., Canada. 
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SEISMIC SURVEY OF SINAI AND THE GULF OF SUEZ* 


PIERRE A, A. H. MASSON7{ F. J. AGNICH{ 


ABSTRACT 


Severe obstacles are present to increase the difficulty of seismic operations in the Gulf of Suez 
area. A program combining land seismic work, semi-marine exploration over a reef zone, and rapid 
offshore reconnaissance is described. The results of each are illustrated, and the value of a rapid 
marine survey in guiding more detailed work on land is emphasized. 


GEOGRAPHY 


During the years 1955 and 1956, the International Egyptian Oil Company 
conducted a seismic survey comprising both land and sea operations on the 
concessions of its subsidiary, the National Petroleum Company of Egypt, and 
those of the Société Coopérative des Pétroles, all situated in the Gulf of Suez, 
and on the coastal region of Sinai-Egypt. (See Figure 1.) 

The operations were conducted in areas distributed all along the Gulf of 
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Fic. 1. General location of the program area. East-to-west dimension of program area enclosed 
in dashed rectangle is 245 km (152 miles). 


* Paper read at the 27th Annual Meeting of the Society at Dallas on November 12, 1957. Manu- 
script received by the Editor January 4, 1958. 

t Petrofina, S.A. Brussels, Belgium. 

t Geophysical Service Inc., Dallas, Texas. 
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Fic. 2. Detail of the program area. Shading indicates seismic coverage. East-to-west dimension 
of area is 245 km (152 miles). 


Suez, the most northern profiles having been shot close to Suez and the most 
southern at the extremity of the Peninsula of Sinai, near Ras Mohamed. The 
plains of Abu Rudeis, Feiran, Belayim, El Tor, and Ras Mohamed were surveyed. 
(See Figure 2.) 

Marine operations were concentrated in the middle part of the gulf and 
situated in a quadrilateral included within Ras Zafarana and Ras Shukeir at 
the west and Abu Zenima and E] Tor at the east. 


GEOLOGY 


The stratigraphy of the Miocene, which is of particular interest, and the 
local tectonics are directly related to the system of faults which has affected 
the east part of the African continent. The graben of the Gulf of Suez is a pro- 
longation toward the north of the great rift of the Red Sea which was formed 
at the time of Oligocene and Post-Oligocene deformation. 

The Miocene sea invaded this rift, and the fault action continued until the 
Quaternary. Active subsidence provided the conditions necessary for the deposit 
of a considerable thickness of Miocene and Plioquaternary sediments. 
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The rift was filled up little by little, and the margins have gradually emerged, 
so that the central part of the Gulf of Suez is the only portion still actually 
immersed. 

The tectonic arrangement of the basin consists of a complex of “‘stair steps,” 
descending toward the center of the gulf, separated by some essentially normal 
faults of the conjugate directions, NNW-SSE and NE-SW (the first being the 
major direction). These two directions are indicated by the general orientation 
of the Gulfs of Suez and Aqaba, the latter representing the system of faults 
of NE-SW direction. 

On the west coast of Sinai, particularly in the middle and southern parts, 
which has been subjected to the most concentrated exploration, and below the 
granite mass to the east, there are two zones of principal fractures—that along 
the border of the granite itself and that of Abu Durba, Nazazat, Abu Zenima. 
(See Figure 3.) 

At the west of the first zone of faulting, there is a great syncline which under- 
lies the Plain of El Qa. This syncline, which has been very little deformed in 
the center, is affected at the east as at the west by numerous faults, all along 
the directions of the two major faults of the Red Sea trench. The major zone of 
faulting to the west (Abu Durba, Abu Zenima) is marked by a system of faults 
which give a checker-board aspect. The “checker boards” consist of a series of 
trapeziums varying from 1,500 to 8,ooo ft in breadth. They are the result of 
the two conjugate directions of the system of faults. To the west of this line 
there exists a slightly faulted zone which forms the bottom of the trench and 
is covered by the waters of the Galf of Suez. 

The total throw of the faults which separate the syncline of El Qa from the 
central trench varies from 6,500 ft to 20,000 ft. Thus, at Abu Durba, the granite 
is found at an altitude of 1,500 ft, whereas on the downthrown side of the faults 
it is expected at a depth of about 16,500 ft. 

The stratigraphic series in the central graben can exceed 16,000 ft of thick- 
ness. The marine sedimentation begins in this region at the Cenomanian. The 
subjacent formations rest on the granite and consist of the detritic series of 
continental origin called “Nubian sandstone’ which represents the Permo- 
carboniferous and probably, in its upper part, the continental facies of the 
Triassic and Jurassic. 

The marine formations of the upper Cretaceous, Paleocene, and lower and 
middle Eocene succeed each other in sequence and form the classic series of 
Egypt. 

The Oligocene is not represented, but some basaltic flows of Pre-Miocene 
age, which are encountered locally (Abu Zenima, Wadi Tayiba) may correspond 
to it. 

These formations were uplifted during the Oligocene by the first raising of 
the Syro-Lebanese arch, and this was followed, of course, by considerable 
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Fic. 3. Principal fault zones in part of the program area. East-to-west dimension of this part 
of the area is 54.5 km (34 miles). 


The Miocene sediments are characterized by extreme variations in thickness 
and facies. These variations are due on one hand to the active but irregular 
subsidence of the basin as a result of the heterogeneous sinking-in caused by 
the action of the faults and, on the other hand, to the irregular topography of 
the bottom of the trench on which the sediments were deposited. Thus, the 
thickness of the Miocene can vary extremely. From Belayim at the region of 
Baba, it increases from a thickness of 3,900 ft to more than 7,900 ft. 

The Miocene sediments display three different aspects. At the base lies an 
essentially marine series with a great thickness of globigerine marls believed to 
be the source rock of the petroleum in this region. 

Above this is developed a series, in part marine, characterized by a cyclic 
repetitive sequence of marls, sandstones, and evaporites, 
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The upper part is a continuation of the preceding series except that the 
globigerine marls have disappeared, and the clastic series and evaporites have 
become more important. 

At the center of the basin there were later deposited thick, very fossiliferous 
detritic series, probably Plioquaternary in age. These rest in discordance on the 
Miocene but are almost equally distorted, testifying to movement after their 
deposition; and it is believed that this deformation is still going on. 

The Miocene sediments are of greatest interest as reservoir rocks in this area 
since multiple producing zones, all in sands, have been encountered: ten at 
Belayim, two at Feirdn, and two at Abu Rudeis. Only the Miocene produces in 
this region, although some very important shows seem to have been encountered 
in the fractured Eocene at Belayim field. 

Production has been found in two types of traps: in anticlinal folds (Belayim) 
and along faults (Feiran, Abu Rudeis, Ekma). 

It is probable that the petroleum was formed in the source beds of the central 
graben and has migrated toward the margins of the basin, resulting in large 
accumulations where the zones drained by each structure are considerable 
(Belayim) and some very small accumulations in the faulted zone, probably due 
to migration along the faults (Feiran). 

Inasmuch as this area is characterized principally by a series of coastal 
plains covered by sand without any relief, descending in a very gentle slope 
toward the sea, it was, of course, necessary to use geophysics to indicate the 
structural conditions at depth. The first seismic surveys in Egypt were con- 
ducted here by The Standard Oil Company of New Jersey, commencing in 1947. 


SEISMIC PROGRAM 


In 1955 and 1956, the National Petroleum Company resumed seismic opera- 
tions adding to the area covered earlier, the principal extension being along the 
coast. This work was performed by two Geophysical Service Inc. contract crews. 
As shown in Figure 4, the methods of operation used were: 


1) Land operations in the littoral plain, 
2) Bay-type operations in shallow, reefy water, using two boats adapted 


locally, 
3) Offshore operations utilizing a single-boat system, in this case, the GSI 


Motor Vessel SONIC. 


Because of the existence of a fringe of reefs attaining in some cases a breadth 
of almost a mile, the results obtained offshore by the SONIC could not be 
directly tied into the results of the land survey. 

The presence of reefs level with the water, associated with a rather strong, 
continuous wind, renders the sea dangerous; and this complicated the marine 
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Fic. 4. Areas of land, bay, and offshore operations in part of the program area. East-to-west 
dimension of this part of the area is 54.5 km (34 miles). 


Land Survey 


The littoral plains of Sinai are, like the rest of the peninsula, essentially 
desert. They are covered by a heterogeneous mixture of more or less duny sands, 
boulders, pebbles, and gravels proceeding from the wadis which come out from 
the neighboring mountains and which have filled up the plains. The wadis, 
most of the time, are dry and running with water only at the time of torrential 
rains which are poured out very sporadically on Sinai. 

Some difficulties were encountered in moving vehicles about the area, es- 
pecially where the lines were perpendicular to the flow of the wadis. Along the 
sea, however, vehicular movement is much easier except in occasional spots, 
notably at the approaches of the lagoon of Belayim where the existence of zones 
partially and seasonally inundated by marine waters presents some serious 
obstacles. Utilization of all-wheel-drive equipment was necessary in order to 
cover the area successfully. 

Extremely difficult drilling conditions were encountered throughout most 
of the area and presented the greatest single problem encountered in the land 
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operations. Due to the proximity of the operations to the sea, plenty of water 
was available, but the presence of gravels and boulders (granite, limestone, etc.) 
presented serious difficulties. In addition to this, the surface of the ground 
climbs in a gentle slope from the coast toward the mountains, whereas the base 
of the weathering is everywhere situated approximately at sea level, with the 
result that the weathering, of course, becomes thicker toward the interior. It 
was necessary, therefore, occasionally to drill holes as deep as 250 ft and to 
utilize two or three tours per drill in order to obtain satisfactory production. 

A continuous split-spread layout was used with the distance between shot- 
points of 1,181 ft. Twenty-four groups of four geophones per group, or a total 
of ninety-six, were used, with the distance between groups being 98 ft. The 
distance between the geophones was 25 ft. 

Dual recording was used throughout the prospect, with each record having 
48 traces, of which 24 were straight and 24 were mixed. A Log-Level Indicator to 
measure the instantaneous level of energy was recorded on a supplemental trace. 
Magnetic recording utilizing the magneDISC system was used throughout most 
of the survey. The use of magnetic recording greatly reduced the cost of the 
survey inasmuch as it was impossible to shoot many of the holes more than 
once, and the savings resulting from no redrilling of holes because of magnetic 
recording is obvious. 

An average charge of 20 pounds was used in Abu Rudeis, Feiran, and Belayim 
areas. To the south of El Tor, 40-pound charges were needed and in the plain 
of El Qa charges of up to 120 pounds were necessary. 

Record quality on the whole is very satisfactory, with reflections being very 
numerous and of a rather continuous nature in the Post-Miocene and the upper 
part of the Miocene. 

Figure 5 is a typical cross section showing the type of data obtained on the 
land survey. This cross section shows both the generally good continuity of the 
reflections and displays undeniable evidence of faulting. The throw of the fault 
shown is of the order of 10,000 ft. 

In the very faulted zone situated on the axis of the major fault of Abu 
Durba, Feirén, Abu Zenima, a reduction of spread line to 180 meters (590 ft) 
instead of the normal 360 meters yielded the best results, permitting detailing 
of the faulted checker-board compartments of relatively narrow width. 

Production on the plains of Abu Rudeis and of Feiran was rather good. 
Despite drilling difficulties, an average of 200 profiles per month with three 
drills working two shifts of 8 hours per day was realized, which represented a 
coverage of 72 kilometers per month. 


Marine Survey 

A seismic survey was carried out over a large part of the Gulf of Suez, this 
work being conducted primarily along the coast in waters of 10 meters or more 
in depth. A total of 5,080 profiles, representing 1,200 miles of line were recorded. 


| 


PIERRE A. A. H. MASSON AND F. J. AGNICH 


IN SECONDS 


TIME 


LAND SURVEY 
ABU RUDEIS AREA 


Fic. 5. Typical seismic cross section from data obtained in land survey operations. Distance 
between shot points is 1200 ft. Length of the cross section is 4 km (2.5 miles). 


This survey was carried out with the ‘“‘single boat” method of marine seismic 
work. The vessel utilized for this survey was the GSI Motor Vessel SONIC, 
which combines in one ship the functions of recording and shooting boat. 

In operation, the vessel towed a streamer consisting of pressure-sensitive 
detectors placed in an oil-filled plastic hose. Density of the streamer was about 
equal to that of sea water so that the detectors could be towed at any desired 
depth. 

The streamer used in the survey consisted of nine sections—eight containing 
detectors, and one (the center section opposite which the shot is fired) being 
“dead.” Total length of the streamer was 2,700 ft. Each “‘live’’ streamer sec- 
tion contained 4o detectors, for a total of 320 detectors throughout the streamer. 
The center-to-center distance between sections is 300 ft. Distance from the 
shotpoint to the nearest detector is 180 ft. The streamer was towed at depths 
ranging from 23 ft to 30 ft. 

During operations, the SONIC proceeds on course at a constant speed, with 
the streamer controlled from a large winch mounted on the stern of the boat. 
As the streamer approaches the shotpoint, the winch is released so that the 
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streamer cable may be rapidly unreeled, allowing the streamer to become sta- 
tionary in the water while the shot is fired. 

Shooting in this single-boat operation is carried out in the following manner. 
Firing lines attached to smaller winches on the stern of the boat are towed paral- 
lel to the streamer and the successive explosive charges are attached to them 
by means of a system of sliding rings. A charge hooked to a ring is dropped 
overboard and the firing line slides through the ring. The end of the firing line 
is bare of insulation so that an electrical contact is made between ring and line 
at this point. At the proper time the shooter aboard the boat closes a switch 
to detonate the charge opposite the center section of the streamer. 

The average charge size used was 16% pounds of Nitramon per shot, with 
an additional one pound of dynamite being used as a booster charge. 

As each shot is recorded, reel operators on board the boat rewind the streamer 
cable to its towing position for the run between shotpoints. 

In the Gulf of Suez work, the boat’s course on lines of profile and locations 
of shotpoints were controlled in the following manner. Three survey teams took 
up stations along the coast, utilizing a series of established topographic bases. 
Position of the boat was determined by simple cross sightings of the three survey- 
ors, who radioed azimuths to the navigator on the boat. Thus, the boat could be 
established on course on its proper program line. Along each line of profile, each 
shotpoint was precisely located in the same manner, with the operators taking 
sights on the water column resulting from the detonated charge. 

Such survey control proved to be very satisfactory, even though the prospect 
area was more than 300 kilometers long. When necessary, one survey team at a 
time could be displaced along the coast to take up a new station, two surveyors 
remaining in place. 

These operations in the Gulf of Suez encountered certain severe obstacles, 
one of which gave rise to a modification of the seismic survey technique which 
we shall discuss later. 

In this area, strong winds are prevalent in all seasons of the year, making 
the sea extremely violent on occasions. Progress of the marine seismic survey 
at such times was slowed considerably, and a complete shutdown of operations 
was forced several times by rough seas. 

Aside from the difficulties brought about by weather conditions, a natural 
obstacle hindered the operations further. It was desired that the boat work as 
near as possible to the coast, but a fringe of reefs prevented the SONIC from 
running in close enough to land to tie the marine survey with the results of the 
terrestrial work. Attempting to work in close to the reefs, the survey ship suffered 
damage to the streamer several times. 

In spite of operational difficulties, the marine survey is considered to have 
been very successful. The quality of the records obtained ranged from average 
to good. The reflections generally displayed good continuity. Figure 6 shows 
a cross section of the marine extension of the Belayim structure which is beauti- 


| 
{ 


PIERRE A. A. H. MASSON AND F. J. AGNICH 


IN SECONDS 


TIME 


MARINE (SONIC) SURVEY 
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Fic. 6. Seismic cross section from marine survey showing extension of the Belayim structure. 
Distance between shot points is 1200 ft. Length of cross section is 4.4 km (2.7 miles). The V-shaped 
portion of each reflection mark denotes the position of the reflection received at the shot point. 


fully developed. Figure 7 is a corrected record section of the same line of profile. 
Of particular interest is the rapidity with which the reconnaissance of this 
coastal zone was carried out—s51 days for the total marine program, which had 
the result of showing the existence of several structures which extended out 
from the land. 


Shallow Water (Reef) Survey 

These discoveries made it even more necessary to carry the survey program 
into the reef area between deep water and the water’s edge. The reef fringe varies 
in width from several hundreds of meters to two kilometers. The possibilities of 
working it were complicated by the existence of a continuously heavy sea. It 
was necessary, however, to devise some means for studying this zone. 

Since the irregularities of the reef itself made it obviously impossible to tow 
a floating geophone cable over the bottom, it was decided to lay out the geophone 
spread on the bottom itself and to raise it and move it between shots. 


338 
: 
5 
5 
— 
j 
f 
a 


SEISMIC SURVEY OF SINAI AND THE GULF OF SUEZ 


MARINE (SONIC) RECORD SECTION 
BELAYIM AREA 


WV. 
NERY 


JAMA 
Vi 


Ad 

pal 


\ 


a aah A ABA 


de 
= 


== 


< 


< 

= 


IN SECONDS 


Fic. 7. A corrected record section of the line of profile shown in Figure 6. The length of this 
part of the line is 4.4 km (2.7 miles). 


The technique proved workable, although it was not simple to carry out. 
Two boats, each about 40 ft long, were rented locally, one for use as a recording 
boat and the other for a shooting boat. 

Running out and over the reef, the recording boat controlled its direction 
by lining up two flags placed on shore to indicate the profile line. Two surveyors 
on shore surveyed in the exact position of each shot by sighting on the resulting 
water column. In practice it was necessary quite often to modify the direction 
of the profile line to find a workable route through the reefs. On line, the record- 
ing cable and seismometers were put over the side of the recording boat, with 
the center of the spread indicated by a buoy. Radio contact was maintained 
between the recording and shooting boats. 

The recording technique employed a split spread with a distance of 1,150 
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Fic. 8. Typical cross section from reef survey operations. Distance between shot points is 
1200 ft. Length of the cross section is 3.3 km (2.05 miles). 


ft between shotpoints, 24 seismometers, one per group, with a distance be- 
tween seismometers of 100 ft. 

The individual seismometers were planted on bottom and maintained in a 
vertical position by a buoy. Average charge size was 50 pounds of Nitramon, 
which was detonated at an average depth of about 5 ft. A filter pass band of 
24-48 cps was utilized. 

In general, results of the survey were satisfactory. Good correlations were 
obtainable from records containing reflections of “good average” quality. Figure 
8 is typical of the cross sections obtained in the reef survey. 

As luck would have it, the greater part of the shallow water prospect was 
located over the highly faulted central trench area, and the necessity of main- 
taining a constant spread length was a troubling factor. It would have been 
interesting to use more than one seismometer per trace, but the use of multiple 
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seismometers would have highly complicated the method. Production rate suf- 
fered from the roughness of the water, which made the operation quite hazardous, 
as the boats were always in danger of being broken against the reefs. Operations 
were considerably retarded in the region of Abu Rudeis where extreme difficulties 
of this kind were encountered. 

Although the seismometer cable was encased in relatively hard plastic, it 
was very often cut by the sharp corals and many times the cable became snagged 
so that it could not be raised from the boat. Such difficulties made it necessary 
to keep divers aboard the recording boat at all times. On one occasion the cable 
was lost and was recovered only through the use of divers wearing aqualung 
equipment for a prolonged stay under water. 

In general, the work of laying out, shooting, and raising the cable required 
at best from 45 minutes to one hour, so that a maximum of no more than ten 
profiles per day could be expected. During the operations, only one month saw 
an average production rate of seven profiles per day, with the average for other 
months being four to five profiles per day. Therefore, where one normally would 
expect the cost per profile to be considerably less than that of cost per profile 
in land seismic work, it was found that the obstacles of the reef and the heavy 
seas brought costs for this semimarine work to the level of costs on land. 

Yet it is difficult to find an easier or better method to work this area. We 
nave said that the employment of several geophones per trace would be desirable, 
but it is most probable that their use would cause the operation to be still more 
delicate and slow, with the risk of snagging being multiplied considerably. 

With the method developed, however, seismic survey work was carried out 
through water depths extending from 6} to 1co ft. The results of this work were 
of very considerable importance. It was this semi-marine prospecting over the 
reef area which was responsible for the discovery and for the detailing of most 
of the structures known in this region, most notably Abu Rudeis, which was 
proved to be productive in May, 1957. 


INTERPRETATION 


Because of the use of three different methods of seismic operations, interpre- 
tation of results of the overall program in this general area has presented some 
difficulties. In particular, it was difficult to establish correlations between records 
where the work passed from one type of operation to another. However, easier 
correlation was permitted in the central trench zone because of the presence of a 
reflection of a distinct and continuous character. This reflection, which interested 
us especially, corresponds to the top of the Miocene formations. 

All of the results were presented in time sections which were migrated through 
the use of the velocity function established from surveys in the Belayim wells. 
This migration was made absolutely necessary because of the presence of numer- 
ous faults, against some of which the beds hang at an angle of as much as 20 
degrees. 
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CONCLUSIONS 


The historic sequence of seismic operations in the Gulf of Suez and in the 
Sinai Peninsula has been as follows. At first there were land operations which 
resulted in the discovery of such interesting structures as Feiran and Belayim. 
Secondly, there was a large-scale marine survey along the coast, and in a very 
short time this resulted in the confirmation of the offshore extent of certain 
structural axes and the discovery of additional structural axes. Finally, the 
combined effort of the semi-marine technique over reefs and of the land survey 
made possible the detailed study and definition of these structures. 

Three of the structures are now productive—Belayim, discovered in January, 
1955, on an incompletely defined structure which has now been fully outlined; 
Ekma, discovered in October, 1956; and Abu Rudeis, which was proved produc- 
tive in May, 1957, after the completion of the combined survey. 

A lesson which can be drawn from this work is that of the practicality of 
first employing a marine seismic survey in evaluating a prospect such as that we 
have described. When a prospect is situated on the border of the sea, the marine 
survey permits rapid reconnaissance and the discovery of a structural style 
which may prevail throughout the prospect. With the results of the marine 
survey it is then possibie to orient to good advantage the longer and more costly 
survey work on land, or, as was the case in this prospect, in the reefy zone of 
particularly difficult access. 

It is interesting to note a comparison between the cost per profile resulting 
from work on the SONIC and cost per profile for the land and semi-marine work. 
Cost of the single-ship method was no more than 30 to 35 percent of that of the 
other two methods. 

Furthermore, in concluding, we can say that we have learned that the reduced 
cost of the marine survey, while important, is not alone the decisive factor. For 
a prospect such as the one we have described, where time is important—and in 
geophysical work it seems that time is always of primary consideration—it is 
of extreme importance to begin the general survey program with a fast marine 
reconnaissance, whether or not we have any interest in offshore production. 
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DEPARTMENTS 
PATENTS 


O. F. RITZMANN* 


ELECTRICAL PROSPECTING 


U.S. No, 2,806,181. S. C. Rockafellow. Iss. 9/10/57. App. 10/6/54. Assign. Robotron Corp. 

Metal Detecting Apparatus. An electromagnetic detecting apparatus having a search coil in a 
tuned oscillator circuit whose output is rectified and used to charge a condenser whose voltage is 
amplified and used to control a thyratron. 


GRAVIMETRIC PROSPECTING 


U. S. No. 2,809,524. H. T. Masterson. Iss. 10/15/57. App. 1/11/54. Assign. Esso Research and 

Engineering Co. 

Automatic Damping of a Gravimeter. An electrostatic damping system for a gravimeter in which 
movement of a condenser plate on the suspended system varies the frequency of an oscillator and the 
variation is detected by a discriminator whose output is applied to the condenser plates through a 
filter which does not transmit the steady component. 


U.S. No. 2,809,528. P. H. Serson and S. Z. Mack. Iss. 10/15/57. App. 2/27/51 and 2/6/52. Assign. 
Canada. 
Device for Determining the Vertical in an Aircraft. A system for stabilizing an instrument platform 
from which a pendulum is suspended and in which the angle between a gyro and the pendulum is 
converted to an electrical signal, filtered to remove periodic components, and used to drive a motor 
which effects precession of the gyro. 


MAGNETIC PROSPECTING 


U. S. No. 2,806,202. C. M. Woodruff. Iss. 9/10/57. App. 4/13/48. 
Vertical Magnetometer Circuit. A flux-valve indicator circuit having a regulated exciting oscillator 
and a discriminator in the output circuit which converts the output pulses to a single polarity to drive 
the meter. 
U.S. No. 2,800,345. W. E. Wickerham and O. K. Doolen. Iss. 10/8/57. App. 5/28/52. Assign. Gulf 

Research & Development Co. 

Indicating Circuit for Flux-Valves. A magnetic detector magnetometer employing a flux-gate 
element giving alternate positive and negative output pulses which are synchronously rectified, ampli- 
fied, and synchronously switched to a differential filter circuit which compares relative amplitudes of 
alternate pulses and feeds d-c to a tube which controls the recorded compensating-coil current. 


See also Patent 2,809,528 listed under Gravimetric Prospecting. 


RADIOACTIVITY PROSPECTING 


U.S. No. 2,809,295. L. Reiffel. Iss. 10/8/57. App. 4/4/52. 

Radiation Detector. A scintillation counter having a photomultiplier whose load impedance is 
connected to an integrating circuit whose output is used to control the photomultiplier source voltage 
so as to keep the output of the integrating circuit constant. 


* Gulf Oil Corporation, Patent Department. 
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U. S. No. 2,809,313. W. Baer, R. T. Bayard, and O. F. Swift. Iss. 10/8/57. App. 9/18/53. Assign. 

Westinghouse Electric Corp. 

Fission Counter. A slow neutron detector having interlaced electrodes in an atmosphere of 990% 
argon and 1% nitrogen, the electrodes being separated by a distance less than the spacing for maxi 
mum alpha particle ionization and coated with a material that undergoes fission under neutron bom 
bardment. 

U. S. No. 2,814,731. J. V. Werme, J. A. Dever, and J. A. Duke. Iss. 11/26/57. App. 12/1/53 and 
9/20/54. Assign. Minneapolis-Honeywell Regulator Co. 

Measuring Apparatus. A neutron flux detector having a neutron-capture material that converts 
the neutron flux into heat and a material having poor neutron capture ability but good heat conduc 
tivity, the temperature difference being measured with a thermopile. 

SEISMIC PROSPECTING 


U.S. No. 2,805,727. W. O. Bazhaw. Iss. 9/10/57. App. 7/5/52. 
Method of Determining Geological Features. A method of seismic-electric surveying in which a 
shaped charge is fired horizontally in a deep borehole and the resulting potential observed between 


electrodes at the surface of the ground in the azimuth of the charge. 

U.S. No. 2,806,545. E. G. Schempf. Iss. 9/17/57. App. 1/10/55. Assign. Precision Exploration Co. 
Methods and A pparatus for Seismic Exploration. A seismic prospecting system in which shots are 

made at successive depths in the shot hole and the respective geophone signals integrated by record- 

ing the shots on the same magnetic tape in corrected time synchronization. 

U.S. No. 2,806,757. J. M. Cunningham. Iss. 9/17/57. App. 6/6/52. Assign. Techno Instrument Co. 


Multiple-Channel Magnetic Recorder. A multi-channel magnetic recorder having closely-spaced 


ring-type magnetic heads in a row transverse to the direction of record travel, each head being 
mounted on one end of a thin blade-like holder pivoted at the other end. 


U.S. No. 2,807,793. J. F. Bayhi. Iss. 9/24/57. App. 10/1/54. Assign. Esso Research & Enginering Co 
Continuous Reelable Geophone. A flexible geophone arrangement having a row of short permanent 
magnets embedded end to end in a flattened sponge-rubber core and oriented in the same direction 
with short air gaps between the ends of the magnets, and having a spiral coil wound around the rubber 
core and arranged so that the conductor crosses each of the gaps on the same side of the assembly. 


U.S. No. 2,808,522. A. I. Dranetz. Iss. 10/1/57. App. 2/26/53. Assign. Gulton Industries, Inc. 
Accelerometer. An accelerometer having one or more discs of radially-polarized piezoelectric 


material mounted axially on a rod through which the vibration is transmitted and having electrodes 

on the sides of the discs. 

U.S. No. 2,808,524. L. Feinstein. Iss. 10/1/57. App. 3/20/52. Assign. Sylvania Electric Products Inc. 
Inertia Responsive Electro-Mechanical Transducer. A vibrometer having one or more annular discs 


of radially-polarized piezoelectric material axially fastened to a rod and with their outer edges fastened 
to the case, with electrodes on the inner and outer surfaces of the annulus. 


U.S. No. 2,808,577. J. M. Crawford and W. E. N. Doty. Iss. 10/1/57. App. 6/27/55. Assign. Conti- 
nental Oil Co. 

Method of and Apparatus for Determining the Travel Time of Signals. A seismic prospecting system 
in which an interrupted continuous-wave source of slowly-varying frequency is used and the correla- 
tion computed between the picked-up vibrations and the source signal, the observations being 
repeated through different frequency ranges to correct for variation of attenuation with frequency. 
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U.S. No. 2,808,894. J. D. Eisler and D. Silverman. Iss. 10/8/57. App. 4/27/53. Assign. Pan American 


Petroleum Corp. 


Seismic Wave Generation. A system of shooting using a vertical series of charges in the shot hole, 
the charges being spaced by an amount V 7/2 and detonated in succession starting at the top with a 
time delay of T/2n between detonations, where V is the seismic velocity, T is the apparent period of 


reflections, and m is the number of charges. 


. App. 9/17/54. Assign. Geophys- 


U.S. No. 2,809,014. K. M. Lawrence and W. K. Rickel. Iss. 10/8/57 
ical Research Corp. 


Shot-Hole Drilling Apparatus. An auger type drill in which joints may be coupled or uncoupled 
with power by having dogs on the end of the drill pipe which engage lugs on the end of the next sec- 


tion. 


U.S. No. 2,810,444. K. Dyk and M. B. Widess. Iss. 10/22/57. App. 7/15/54. Assign. Pan American 


Petroleum Corp. 


Determining Optimum Conditions for Seismic Surveying. A method of determining whether a 
multiple seismometer spacing is optimum by comparing its record with that of a larger spacing from 
a common shot by recording the differential between signals, similar records indicating that no 
improvement would result from closer spacing, and lack of identity indicating that the spacing is too 


large. 


2/57. App. 12/28/54. Assign. California Research 


U.S. No. 2,810,898. E. P. Meiners, Jr. Iss. 10/ 
Corp. 


Removing Normal Moveout from Seismic Traces. A device for removing normal moveout from 
reproducible seismic records during reproduction having a deformable beam on which the reproduc- 
ing heads are mounted at distances conforming to the shot-detector distance for the trace reproduced 


and gradually deforming the beam during reproduction of the record. 


U.S. No. 2,811,334. C. A. Blackburn. Iss. 10/29/57. App. 5/4/55. Assign. The King Powder Co., 


Inc. 


Explosive Charge Handling Device. A blast hole loading device having a reel on legs that straddle 
the hole and a spiral return spring on the reel so that when the charge reaches bottom and is unhooked 
from the line the reel retrieves the line automatically, the reel shaft having a hydraulic pump and 
metering valve to control the rate of descent and ascent. 


U.S. No. 2,811,344. F. B. Woestemeyer. Iss. 10/29/57. App. 1/3/55. Assign. General Electric Co. 


Acceleration Responsive System. An accelerometer having a case containing a first rotatable sys- 
tem with an eccentric mass and a second rotatable system inside the first, displacements between the 
case and the first rotatable system being added to the output of an auxiliary accelerometer mounted 
on the case, and the combined signal amplified and used to control a servomotor acting between the 


two rotatable systems to apply a corrective torque. 


U.S. No. 2,812,452. W. T. Harris. Iss. 11/5/57. App. 5/22/56. Assign. The Harris Transducer Corp. 


Split Cylindrical Transducer. An underwater transducer having a cylinder of piezoelectric 
material with a slit at one side and rigidly fastened at the opposite side so that the opposite halves 
of the cylinder act like tines of a tuning fork. 


U.S. No. 2,812,711. J. C. R. Cance and K. J. Brimley. Iss. 11/12/57. App. 11/28/52 and 11/17/53. 
Assign. Imperial Chemical Industries, Ltd. 


Apparatus for Firing Explosive Charges. A device for firing successive shots at short delay inter- 
vals having a rotating main switch that applies firing current at intervals and an auxiliary explosively- 
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actuated switch in each detonator circuit which closes the circuit to the next detonator so that it will 
fire on the next revolution of the main switch. 


U.S. No. 2,812,712. T. Ashurst. Iss. 11/12/57. App. 2/5/53 and 2/3/54. Assign. International Tru- 
blast Stemming Corp. (Pty) Ltd. 
Stemming of Shot Holes in Blasting Operations. A shot-hole stemming plug having two wedge- 
shaped partly cylindrical parts each of which has an exposed transverse hole so that it may be re- 
trieved with a hooked tool. 


U.S. No. 2,813,592. J. F. Bayhi. Iss. 11/19/57. App. 12/6/54. Assign. Esso Research and Engineer- 
ing Co. 

Seismic Prospecting. A seismic shooting system for use where a thick reflector underlies a layer 
of thin irregular beds and in which separate charges are fired in separate closely-spaced shot holes 
below the weathered layer, the time between shots being such as to generate a low-frequency seismic 
wave that does not resolve the thin beds but is reflected from the underlying thick bed. 


WELL LOGGING 
U.S. No. 2,805,346. R. G. Piety. Iss. 9/3/57. App. 12/22/52. Assign. Phillips Petroleum Co. 

Method of and A pparatus for Locating Zones of Lost Circulation of Drilling Fluids. A system for 
locating circulation loss by lowering through the drill stem a sonde which discharges radioactive ma- 
terial into the mud at the bit and has a radioactivity detector with which the material may be tracked 
up the hole. 


U.S. No. 2,806,201. N. A. Schuster. Iss. 9/10/57. App. 5/21/53. Assign. Schlumberger Well Survey- 
ing Corp. 

Electrical Resistivity Well Logging. An electric logging system using a multi-electrode sonde with 
electrodes connected to voltage taps on a transformer to effect a particular current distribution and 
successive logs being taken with different distributions for the determination of interrelated formation 
parameters. 


U. S. No. 2,806,295. J. D. Ball. Iss. 9/17/57. App. 9/1/55. Assign. Esso Research and Engineering 
Co. 


Electrical Borehole Surveying Device. A borehole inclinometer having an inner housing freely rotat- 
able on a vertical axis with the azimuthal orientation of the housing maintained by a gyro and witha 
pendulous armature in a two-phase magnetic field structure whose poles have primary coils excited 
by quadrature currents and secondary coils whose voltages are compared and indicated. 


U.S. No. 2,806,372. J. J. Arps. Iss. 9/17/57. App. 2/1/52. 

Borehole Logging Apparatus. A system of logging while drilling having at the bit a device which 
introduces into the mud a tracer material in proportion to the quantity being logged and detecting 
and recording the concentration at the surface with a time delay necessary to compensate for the 
travel time of the tracer from the bit to the surface. 


U.S. No. 2,809,435. K. M. Nicolson and A. E. Worthington. Iss. 10/15/57. App. 12/19/55. Assign. 

California Research Corp. 

Apparatus for Maintaining Proper Depth Correlation in Well Logging Apparatus. A system for 
continuously correcting the depth indication in well logging from a boat by keeping a taut line to a 
point on the ocean floor and combining motion of this line with motion of the logging cable to correct 
for rise and fall of the boat. 
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U.S. No. 2,809,436. A. E. Worthington and J. E. Walstrom. Iss. 10/15/57. App. 7/2/57. Assign. 
California Research Corp. 
Depth Correlation in Well Logging A pparatus. A system for correcting the depth indication in well 
logging from a boat by keeping a taut line to the submerged well head and combining motion of this 
line with motion of the logging cable by means of a differential gearing. 


U.S. No. 2,810,076. E. S. Mardock. Iss. 10/15/57. App. 2/19/52. Assign. Well Surveys, Inc. 


Process for Making a Well Log with Radioactive Tracers. A radioactivity logging method in which 
a natural radioactivity log is first taken and then a fluid containing suspended radioactive material is 
introduced into the well under pressure so that the radioactive material will filter out at porous zones, 
the fluid in the well then being replaced by an inactive fluid without releasing pressure and a second 
log made while maintaining the pressure. 


U.S. No, 2,810,439. O. J. McCullough, L. W. Toelke, and I. J. McCullough. Iss. 10/22/57. App. 

5/11/55. 

Well Head Attachment for Operating Tools in a Well Under Pressure. An arrangement for lowering 
tools on a cable into a well under pressure without using a lubricator in which the well head, sheave, 
and cable reel are enclosed in chambers connected by pipes through which the cable passes so that the 
entire system may be under well-head pressure. 


U.S. No. 2,810,546. B. G. Eaton and W. W. Boynton. Iss. 10/22/57. App. 3/25/52. Assign. The Phys- 
ics Corp. 
Driil Tool Telemetering Systems. A well signaling system having near the bottom of the drill stem 
a vibratory element in a passageway through which mud passes, the frequency being determined by 
the volume of a resonance chamber with a piston controlled by the parameter being measured and 
the vibrations being picked up near the top of the drill stem and indicated. 


U.S. Re. 24,383 (Original No. 2,752,504). A. S. McKay. Iss. 10/29/57. App. 2/15/52, 6/26/56 and 
4/1/57. 
Neutron Gamma-Ray Well Logging. A chlorine logging system using a neutron source and detect- 
ing gamma rays by means of a scintillating detector whose photons produce electron cascade pulses 
having amplitudes above 2.2 m.e.v. 


U.S. No. 2,811,649. E. R. Atkins, Jr., and P. G. Nahin. Iss. 10/29/57. App. 7/18/52. Assign. Union 
Oil Co. of Calif. 
Neutron Logging of Well Bores. A neutron-neutron logging apparatus having a neutron source 
and detecting thermal neutrons from the formation by their thermal effect in changing the frequency 
of a vibrating wire. 


U.S. No. 2,812,490. M. C. Ferre. Iss. 11/5/57. App. 6/18/53. Assign. Schlumberger Well Surveying 

Corp. 

Static Spontaneous Potential Well Logging Systems. A system for logging static spontaneous forma- 
tion potential in a combination electric log by measuring the SP of one electrode to the reference point, 
the SP between electrodes, and the potentials of these electrodes incident to the resistivity measure- 
ment, and using a computer to obtain from these the SSP which is recorded. 


U.S. No. 2,812,587. R. Roussin. Iss. 11/12/57. App. 7/13/54. Assign. Schlumberger Well Surveying 
Corp. 
Borehole Calipering Apparatus. A caliper logging device having pivoted arms which are urged 
outwardly by a linkage connected to a point on the edge of a disc lying in a transverse plane with the 
center of the disc connected to a compression spring and indicator. 
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U.S. No. 2,812,697. C. Laval, Jr. Iss. 11/12/57. App. 12/1/53. 

Stepped Progression Borehole Camera Apparatus. A carrier for a borehole camera having upper 
and lower inflatable packers with a telescoping connection between them and a tank of a clear liquid, 
the liquid being pumped to beneath the lower packer and the appratus then lowered by alternate 
inflation and deflation of the packers so that the clear fluid in the borehole is pushed ahead of the 


apparatus as it is lowered. 


U.S. No. 2,813,248. M. C. Ferre. Iss. 11/12/57. App. 5/21/53. Assign. Schlumberger Well Surveying 
Corp. 
Electrical W ell Logging. A resistivity logging system in which d-c is fed down the logging cable to a 
commutator in the sonde which converts the d-c to a-c and also synchronously rectifies the picked- 


up potential. 


U.S. No. 2,813,249. H.-G. Doll. Iss. 11/12/57. App. 6/10/53. Assign. Schlumberger Well Surveying 

Corp. 

Well Logging Apparatus. An electric logging system using a-c and in which two pairs of auxiliary 
electrodes are used symmetrically placed with respect to the main electrode, the auxiliary circuits 
being connected to the main circuit by impedances and controlled to automatically maintain zero 
potential between the auxiliary electrodes. 


U.S. No. 2,813,590. P. McDonald. Iss. 11/19/57. App. 7/21/51. 

Method and Apparatus for Pulsed Acoustic Well Logging. A horizontally-ranging acoustic logging 
system using a pulsed source and a reflection-timing circuit with a switching circuit to cut off the 
receiver until a predetermined interval after the pulse is generated. 


U.S. No. 2,813,980. L. De Witte. Iss. 11/19/57. App. 11/13/53. Assign. Continental Oil Co. 

Detection of Water Influx by Radioactivity. A device for locating the point of entry of fluids into a 
well and having a fluid-soluble radioactive material protected by a selectively-permeable membrane 
and a radioactivity detector above or below to detect material dissolved. 


U.S. No. 2,814,017. H.-G. Doll. Iss. 11/19/57. App. 5/26/53. Assign. Schlumberger Well Surveying 

Corp. 

Methods for Logging the Formations Traversed by a Borehole. A permeability logging system in 
which oscillating pressure waves are generated in the borehole by a mechanical transducer and the 
electrofiltration potential detected and compared in phase with the generating signal, or a-c applied 
to the formation and the electrofiltration pressure detected with a microphone. 


See also Patents 2,809,295; 2,809,313; and 2,814,731 listed under Radioactivity Prospecting. 


MISCELLANEOUS 
U.S. No. 2,804,689. P. B. Powell and D. W. Blair. Iss. 9/3/57. App. 12/22/55. Assign. Esso Research 
and Engineering Co. 
Surveying Instrument. A surveying telescope mounting in which rotation of the telescope is con- 
trolled by a cam and calibrated dial to read distances and elevations directly in stadia rod surveying 


operations. 


U.S. No. 2,807,439. L. 1. Lipscomb. Iss. 9/24/57. App. 3/16/55. Assign. Esso Research and Engineer- 
ing Co. 


Coring Device. A bottom coring device for boat use having a tube with a cutting edge at its lower 
end and a hose for supplying water at its upper end and an annular hammer which may be raised by 
a cable and dropped to a shoulder to force the device into the sediments. 


. 
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U.S. No. 2,807,441. B. W. Sewell. Iss. 9/24/57. App. 3/8/54- 


Portable Drilling Rig Assembly. A truck-mounted drill whose mast is mounted on a horizonta 
pivot at its center of gravity with the rotary table and hydraulic cylinder slidably mounted in the 
mast so that they can be moved to counterbalancing positions to facilitate erecting and laying down 


the mast. 


U.S. No. 2,808,989. J. R. Younkin. Iss. 10/8/57. App. 9/20/54. Assign. Phillips Petroleum Co. 


Computer for Solving Simultaneous Equations. An analog computer for solving n linear simulta- 
neous equations using n resistance networks each made up of a servo-driven potentiometer, n adjust- 


able resistors, and a summing amplifier which drives the servo-motor 


U.S. No., 2,800,699. J. L. Battle. Iss. 10/15/57. App. 8/27/54. Assign. Esso Research and Engineer- 
ing Co. 

Well Casing Protected Against Electrolytic Action, A system for protecting well casing against 
electrolytic corrosion by logging the uncased borehole to determine points w here potential differences 
exist between formations and installing the casing in sections with reinforced plastic insulating cou- 
plings at the locations where potential differences exist. 

U.S. No. 2,810,289. §. J. Button. Iss. 10/22/57. App. 1/19/56. Assign. Ground Explorations Ltd. 


Oedometers. A device for mechanically recording compression of a soil sample when subjected to 
various loadings applied by a hydraulic cylinder. 

U. S. No. 2,810,548. J. D. Martinez. Iss. 10/22/57. App. 11/27/53. Assign. Esso Research and 

Engineering Co. 

Method for Orienting Cores. A method of orienting a conventional core by taking an oriented side- 
wall core at the same depth and orienting the conventional core so that its magnetic polarization is 
parallel to that of the side-wall core. 

U.S. No. 2,811,839. O. B. McReynolds, Jr. Iss. 11/5/57. App. 2/23/50. 

Exploration Plug. A metal or plastic plug for a core hole or shot hole having tapered sides and 
an annular flange at the top with its outer edge turned downward to seal against an enlargement of 
the hole. 

U. S. No. 2,812,160. R. C. West, G. G. Binder, Jr., and W. A. Freeman, Jr. Iss. 11/5/57. App. 

6/30/53. Assign. Esso Research and Engineering Co. 

Recovery of Uncontaminated Cores. A coring device having refrigerating coils between outer and 
inner core barrels with refrigerant gas supplied through the drill string to freeze the core while it is 
being cut. 

U.S. No. 2,812,737. H. J. Hoover. Iss. 11/12/57. App. 10/12/56. 

Marsh Boat. A flat-bottom boat having rearwardly extending movable arms connected to a frame 
which carries an engine driving a paddle wheel with a buoyant hub. 

U.S. No. 2,814,019. J. C. Bender. Iss. 11/19/57. Appl. 10/3/51. Assign. Houston Oil Field Material 

Co., Inc. 

Magnetic Method of Detecting Stress and Strain in Ferrous Material. A system of detecting strain 
in stuck pipe by magnetizing the pipe with a permanent magnet and detecting variations in the emf 
generated in a coil that is continuously oscillated. 

U.S. No. 2,814,799. J. E. Hawkins. Iss. 11/26/57. App. 1/12/54. Assign. Seismograph Service Corp. 

Radio-Location System. A hyperbolic continuous-wave radio-location system in which the mobile 


receiving antenna is rapidly rotated to vary the phase of the antenna output and observing the mag- 
nitude of the phase variations to determine the divergence of the hyperbolic lines. 
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SELECTED LIST OF U. S. PATENTS ISSUED DURING SEPTEMBER, OCTOBER, AND NOVEMBER OF 1957 


Patent No. Subject* Patent No. Subject* Patent No. Subject* 
2,804,689" 444 2,806,956 236 2,809,345* 232 
2,804,692 180 2,806,057 416 2,809,369 68 
2,804,771 148 2,806,994 68 2,809,435* 116 
2,804,773 460 2,807,005 224 2,809,436 116 
2,805,020 2,807,017 316, 16 2,809,518 448 
2,805,021 2,807,159 168 2,809,523 188 
2,805,022 2,807,160 496 2,809,524" 180 
2,805,041 : 2,807,167 288 2,809,526 16 
2,805,113 2,807,169 16 2,809,527 16 
2,805,114 2,807,236 444 2,809,528" 16, 180, 232 
2,805,311 2,807,439" 80 2,809,699" 116 
2,805,345 : 2,807,441" 360 2,809,784 68 
2,805,346" E 2,807,676 224 2,809,805 392 
2,805,371 2,807,777" 132 2,809,806 392 
2,805,410 2,807,793" 376 2,809,807 48, 392 
2,805,482 2,807,794 16 2,810,020 224 
2,805,570 2,807,958 16 2,810,036 200 
2,805,574 2,807,960 200 2,810,075 236 
2,805,577 2,808,465 324 2,810,076* 304 
2,805,578 2,808,516 236 2,810,082 484 
2,705,727" 2,808,522 4, 376 2,810,119 16 
2,805,862 2,808,524" 376, 492 2,810,126 316 
2,805,912 2,808,545 2,810,289" 88 
2,805,074 2,808,549 2,810,439" 116, 304 
2,806,143 2,808,577" 2,810,444" 360 
2,806,144 2,808,581 2,810,516 68 
2,806,145 2,808,583 2,810,518 68 
2,806,148 2,808,656 2,810,533 16 
2,806,181* 2,808,723 2,810,546* 516 
2,806,201" 2,808,725 2,810,548" 84 
2,806,202 2,808,726 2,810,581 224 

Re. 24,359 2,808,727 2,810,786 244, 484 
2,806,295 2,808,786 2,810,791 224 
2,806,372 2,808,894" 2,810,828 308 
2,806,426 2,808,987 2,810,835 196 
2,806,545° 2,808,988 2,810,882 228 
2,806,647 2,808,989" 2,810,898* 360 
2,806,651 2,808,990 Re. 24,383* 304 
2,806,756 2,808,999 2.811,039 200 
2,806,757 2,809,014" 2,811,043 16 
2,806,758 2,809,237 2,811,325 16 
2,806,904 224 2,809,238 2,811,334" 136, 360 
2,806,905 484 2,809,290 2,811,344* 4 
2,806,946 308 2,809,295° 2,811,649" 304 
2,806,955 236 2,809,313* 2,811,650 308 


* A key to the subject classification system will be found in GEopuysics, v. 12, pp. 256-264 
(April, 1947). 
® Abstracted on preceding pages of this issue. 
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Patent No. 


2,811,665 


2,811,700 
2,811,715 
2,811,718 


2,811,785 
2,811,786 
2,811,839" 
2,811,854 
2,811,855 
2,811,921 
2,811,984 
2,812,132 
2,812,133 
2,812,160* 
2,812,398 
2,812,409 
2,812,440 
2,812,447 
2,812,452° 
2,812,489 
2,812,490" 
2,812,404 
2,812,587" 
2,812,656 
2,812,661 


Subject* 
68 

224 

316 

316 
16 
16 
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Patent No. 


2,81 2,607* 
2,812,711" 
2,812,712° 
2,812,737* 
2,812,903 
2,812,928 
2,812,948 
2,812,996 
2,812,907 
2,813,010 
2,813,237 
2,813,248" 
2,813,249" 
2,813,259 
2,813,261 
2,813,423 
2,813,424 
2,813,425 
2,813,427 
2,813,430 
2,813,451 
2,813,590" 
2,813,591 
2,813,592" 
2,813,675 
2,813,676 


Subject* 
280 
32 
136 
49° 
68 
200 
224 
324 
324 
168 
148 
116 
116 
224 
224 
148 
148 


Patent No. 


2,813,677 
2,813,678 
2,813,679 
2,813,686 
2,813,709 
2,813,802 
2,813,924 
2,813,927 
2,813,932 
2,813,980" 
2,813,988 
2,814,006 
2,814,017" 
2,814,019" 
2,814,115 
2,814,198 
2,814,199 
2,814,353 
2,814,546 
2,814,547 
2,814,548 
2,814,549 
2,814,677 
2,814,731° 
2,814,790" 


224 
428 
196 
224 
224 
224 
304, 508 
484 

68 
116 
228 

68 
288 

16 
484 
324, 316 
324 
324, 108 
324 
484 
308 
312 
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68 
68 7 
80 
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140, 308 
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Numerical Analysis, Kaiser S. Kunz, McGraw-Hill Book Company, Inc., New York, New York, 381 

PP., 1957. $8.00. 

The development of fast electronic digital computers has given increasing importance to the field 
of numerical analysis. Numerical Analysis by Kaiser S. Kunz is a welcome addition to the rapidly 
growing literature of this subject. The primary purpose of this book is to develop a fundamental 
understanding of numerical methods and their use in solving problems in applied mathematics. It 
achieves this aim admirably. 

This book is an outgrowth of lecture notes prepared by the author for a graduate course in numer- 
ical analysis at the Computation Laboratory of Harvard University. It covers the subjects of numer- 
ical solutions of algebraic equations, finite difference tables and interpolation theory, summation of 
series, numerical differentiation and integration, and numerical solutions of ordinary and partial 
differential equations and of integral equations. A general analysis of error in numerical computations 
is also included as an appendix. Each chapter contains numerous examples which illustrate important 
concepts and problems for the reader. 

The material in this book is not new, but much of it appears here for the first time in book form. 
The chief virtue of this book lies in the clarity with which it is written. Mr. Kunz is to be commended 
for producing such a readable book without compromising rigor or quality. It is an excellent text 
book but it will also serve as a valuable reference book to those working in the field of numerical 
analysis. 

W. W. Garvin 
California Research Corporation 
La Habra, California 
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Theory of Time-Averaged-Product Arrays, A. Berman and C. S. Clay, The Journal of the Acoustical 

Society of America, Vol. 29, pp. 805-812, 1957. 

If the outputs of detectors in an array be multiplied and the resulting products be time-averaged, 
the directivity of the array may be sharpened. Berman and Clay have demonstrated that for steady- 
state sinusoidal signals, a judicious choice of spacings for such a multiplicative array will yield the 
same directivity as would a conventional additive array of many more elements and of much greater 
physical dimensions. Specific examples include a class of multiplicative arrays such that an array of 
N elements has directivity equivalent to that of an additive array of 2‘! elements (e.g., 11 vs. 1,024). 
Another example produces a two-element array, one-fifth as long as its equivalent 6-element, additive 
array. 

Since multiplicative arrays do not have linear properties, a description of their behavior with 


respect to sine waves does not necessarily apply to their transient behavior. Berman and Clay assert, 


but do not demonstrate, the superiority of the multiplicative array over the additive array for broad- 
band signals. 

Comparisons are made against simple, non-weighted, uniformly spaced linear-additive arrays. 
It would appear to this reviewer that the ultimate value of these multiplicative arrays could better 
be judged by comparing the directivity obtainable by an optimum multiplicative array with that 
obtainable from an optimum (i.e., suitably weighted and spaced) additive array of like dimensions 
and number of elements. 

Inconsistent or undefined notation and typographical or arithmetic errors make reading more 
difficult than necessary. This reviewer did not attempt to examine the five columns of specific exam- 
ples which make up an appendix to the paper. 

For application to geophysical exploration this paper may be of some value in suggesting possible 
lines of investigation. 

Carv H. Savit 
Western Geophysical Company of America 
Los Angeles, California 


Measuring Geologic Time, Adolph Knopf, Scientific Monthly, Vol. 85, pp. 225-237, 1957. 


This review article written by an eminent geologist who has long been concerned with the meas- 
urement of geologic time should be read by all persons connected with the earth sciences. The article 
gives a brief but ample account of the early vicissitudes and disappointments through which the abso- 
lute dating of rocks and minerals had to pass before it reached its present day status when the geo- 
chronologist has a number of dating methods that he can bring to bear on any problem. Following 
this is a discussion of the ‘‘stratigraphic thickness’? method of determining the relative lengths of the 
various geologic eras and systems and how these relative ages have been converted to absolute ages 
by the use of only four radioactive age determinations. It should be stressed here that despite the 
sparseness of the original absolute ages, the Holmes (B) scale, based on a combination of these four 
ages and the maximum stratigraphic thicknesses of various beds, has been shown to be in very good 
general agreement with more recent absolute age determinations. 

Several pages are then devoted to a description of the various radioactive methods of absolute 
dating that are now in use. In each of these a brief historical review is given, followed by some of the 
specific applications of the various methods, together with their advantages over other methods. In 
this section the methods discussed include the oldest and almost discarded “thelium method,’ the 
“lead method,” which really comprises four or five methods, and the more recent rubidium-strontium, 
potassium-argon, and carbon-14 methods. 

Of these methods the one based on the radioactive decay of carbon-r4 is in a singular position 
since the oldest sample that has been dated by this method is only about 50,000 years old, and conse- 
quently it can be used only for dating Recent and late Pleistocene time. This method is consequently 
of extreme importance for archeologists, but of much lesser importance for geologists who are in 
general concerned with the whole 4,500-million-year-span of geologic time. If the age of the earth is 
considered as one day in length, then the carbon-14 method can only tell us something about the last 
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second of that day. The other methods are much more versatile with all of them capable of determin- 
ing most pre-Cambrian ages with varying degrees of accuracy. Meteorites have been dated with ages 
of about 4,500-million years by the lead, potassium-argon, and rubidium-strontium methods. Many 
geological problems in the pre-Cambrian are being worked on by these three methods. 

For post-Cambrian dating, the most useful and widely applicable methods are potassium-argon 
and rubidium-strontium. Some of the recently obtained data are listed and discussed in the article. 
Potassium-argon ages as low as 1.5 million years (late Pliocene) have recently been determined, and 
there is a good possibility that younger ages than this wjll soon be reported. 

At the bottom of the long list of references that are given, the author has taken the trouble to 
list some of the other recently published accounts of the measurement of geologic time. 

H. A. SHILLIBEER 
Gulf Research and Development Company 
Pittsburgh, Pennsylvania 


Density Logging with Gamma Rays, P. E. Baker, Journal of Petroleum Technology, Vol. 9, pp. 280- 

204, 1957. 

This Technical Paper describes a new well logging method developed by the California Research 
Corporation of La Habra, California, and implemented by the McCullough Tool Company. The log 
obtained gives a measure of the density of the formations traversed. 

A beam of gamma rays is directed from a high intensity source in the logging sonde into the wall 
of the well bore, the sonde being held in contact with the wall of the hole by springs. Gamma rays back 
scattered from the formations are selectively recorded. The detector used is a scintillation counter 
used in conjunction with an electronic discriminator adjusted to accept only pulses produced by rays 
having energy in a limited band. The author does not give the value of the energy level actually 
recorded. 

The determination of formation density in situ is of interest in connection with seismic and grav- 
ity surveys. Density logs may also be used for the estimate of porosity of formations logged and so are 
of interest to petroleum engineers. In both fields a knowledge of the accuracy of the data used is of 
great importance. 

The author discusses in some detail experimental laboratory work done with the device using 
“artificial’’ wells. The effect of hole diameter, drilling mud, and mud cake were studied. 

It would be of interest to the reader to learn to what degree the data obtainable from actual field 
logs with the equipment described can be relied upon. In this reviewer’s opinion, the paper falls 
somewhat short of serving this purpose. For example, the author of the paper states that ‘‘in the 
laboratory tests the log measured the density of artificial formations to an accuracy of about +2 
percent regardless of hole size or formation chemistry, provided only that the sonde was in contact 
with the formation.’’ The author makes few claims about field accuracy except to say that “in field 
tests, density logs correlated well with other logs, and where comparison with cores was possible the 
log gave density and porosity results in acceptable agreement with core data, even in argillaceous 
zones.” This reviewer, however, is not led to the same conclusion from the limited field data pre- 
sented. Nearly all of the data in the paper show wide scattering of the plotted points, and it is not 
clear by what route the author reached his conclusions. Too little is said about the effect of irregulari- 
ties of borehole diameter on accuracy, and this, in all probability, is an important factor in the logging 
method. 

On the other hand, the paper does describe satisfactorily the general features of the equipment 
used and many of the problems encountered in gamma ray density logging, and it should be read by 
all to whom well logging is of interest. It will acquaint the reader with the progress made by this par- 
ticular group of experimenters toward solving the problems associated with density well logging, and 
it will point out some applications of the method. According to the paper, the service is commer- 
cially available in some areas. 


J. E. 
Geophysical Research Corporation 
Tulsa, Oklahoma 
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Stress-Induced Magnetizations of Some Rocks with Analyzed Magnetic Materials, John W. Graham, 
A. F. Buddington, and J. R. Balsley, Journal of Geophysical Research, Vol. 62, pp. 465-474, 1957. 


The senior author of this paper, John W. Graham, has already made outstanding contributions 
to the field of rock magnetism. His earlier paper, “The Stability and Significance of Magnetism in 
Sedimentary Rocks,” has provided a firm base for much of the recent work. The other authors are 
also past contributors in this regard. Their present paper is particularly significant in that it interjects 
a note of caution in the use of rock magnetism data as evidence bearing on the hypotheses of polar 
wandering and/or continental drift. Graham had already made this suggestion in an earlier paper, 
but additional and more detailed experimental evidence is now offered to show the importance of con- 
sidering magnetostriction effects when interpreting measurements of remanent magnetism of rocks. 
Graham had previously pointed out also that magnetostriction effects might account for the puzzling 
phenomenon of scattered magnetizations in igneous rocks. 

It was found in their present investigation that “changing the stress from 350 to 2,650 psi caused 
a marked decrease in magnetic intensity of rocks containing magnetite or ilmenomagnetite, and a 
slight increase when the magnetic minerals are in the system FeTiO;-Fe,03. Directions of magnetiza- 
tion also changed in a non-systematic manner.’’ The measurements were obtained by means of an 
astatic magnetometer while the specimens were under compression. Although Graham et al. conclude 
“that great caution must be used in accepting rock magnetism data, of the sort usually presented, as 
evidence bearing satisfactorily on major geophysical phenomena,” they do cite one case in which the 
magnetizations of a folded ferruginous Silurian sandstone at Pinto, Maryland did not appear to be 
affected by stresses. It should be emphasized that evidence has been offered by other workers to indi- 
cate that other rock units are consistently and stably magnetized and in agreement with units of 
general age equivalence. This would imply that their stress history did not substantially alter either 
a penecontemporaneous or perhaps an early diagenetic magnetization. 

JoserH D. MARTINEZ 
The Rice Institute 
Houston, Texas 


A Survey of Ground Conductivity and Dielectric Constant in Norway within the Frequency Range 
0.2-10 Mc/s, Karl Emil Eliassen, Geofysiske Publikasjoner, Vol. 19, No. 11, UTGITT AV DET 
Norske Videnskaps—Akademi I, Oslo, 30 pp., 1957. 


This is a very comprehensive paper dealing with the influence of ground stratification on the 
propagation of radio waves. It was shown from the measurements that a homogeneous ground is in 
fact very rare. Rocks may show a primary stratification, or more commonly, may exhibit a high sur- 
face layer conductivity due to a high moisture content. Within districts of Quaternary deposits, a 
three-layer ground is common where the central layer is the most highly conducting. 

The author first discusses the theory of wave propagation over a stratified conductor consisting 
of two homogeneous layers. The formalism is actually based on the Zenneck type of surface wave 
which, in fact, bears only a partial resemblance to the surface wave emitted for a vertical antenna. 
Nevertheless, the author arrives at the correct form for the wave tilt by introducing the requirement 
that the transverse phase velocity of the surface wave can be set equal to the velocity of light, c. 
(The phase velocity of the Zenneck surface may be greater than c.) Convenient charts, based on Nor- 
ton’s formula, relating wave tilt and electrical constants are presented. The wave tilt correction factor 
Q (in the form derived by Wait in Georpnysics, April, 1953), is introduced and is shown to be a con- 
venient parameter for interpretation over a layered ground. The subsequent discussion of the depth 
of penetration of radio waves elaborates the viewpoint in the above-mentioned paper of Wait. 

The wave tilt was determined experimentally in a careful fashion. A stabilized transmitter with 
a 1o-meter vertical aerial was erected in the vicinity of a flat lying site. The direction of wave propa- 
gation at the measuring site was determined by a loop aerial on the receiver. The ratio of the vertical 
and horizontal electric field components (i.e., the wave tilt) is then measured in the plane of incidence 
by using a rod aerial (dipole antenna) which could be rotated about its center. A special double- 
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screened impedance transformer with ferrite core was developed for efficient matching between the 
aerial and the input cable to the receiver. 

Most of the measurements were made in Southern Norway on even sites with little or no vegeta 
tion. The results were plotted in terms of the effective condutcivity and dielectric constant for three 
frequency ranges (0.22 Mc/s, 2-3 Mc/s and 8-10 Mc/s). There was an attempt to correlate the effec 
tive electrical constants with the local geology. The scattering which appears even within areas of 
the same type is attributed to the different water content in the upper layers. The granites appear 
most homogeneous with a very low conductivity (<10~* mhos/m) and low dielectric constant. The 
gneiss and the limestone were somewhat more highly conducting and the clays were even better 
(~10 ? mhos/m). The variations in dielectric constant were to some extent correlated with variations 
in conductivity, but in some places very large values were obtained (>100) particularly at the lowest 
frequency. 

Sand or gravel in glacier and river deposits which commonly occur in Norwegian valleys show 
low values of conductivity and dielectric constant. In fact, gravel of all kinds, when compared with 
the clays, was found to be very poorly conducting. It was noted that marine clays will dominate a 
site whether it lies as a subsoil under meters of sand or gravel or as a thin layer upon poorly conducting 
rocks. 

Some further investigations were carried out to study the effect of an ice layer on fresh water, 
seasonal variations in the electrical constants of rocks, and directional effects in the attenuation of 
surface waves over anisotropic ground. The ice-covered lake provided an idealized case of horizontal 
stratification and provided a good occasion to check the theory. The agreement was good. 

This monograph is an important contribution to our knowledge of radio wave propagation over 
geological conductors. 

James R. Wait 
National Bureau of Standards 
Boulder, Colorado 


New Technique for Construction of Scale Models in Electrical Prospecting, L. Cagniard and R. N. 

Neale, Geophysical Prospecting, Vol. 5, pp. 259-271, 1957 (In French). 

Model experiments in resistivity prospecting utilizing electrode arrays dipping into the liquid 
surface of a tank which represents the surface of the earth are limited in accuracy by the uncertain 
position of the electrodes, their variable penetration into the liquid occasioned in part by surface ten- 
sion, and by the relatively large effective diameter of the electrodes. These difficulties are eliminated 
by the new technique which permits the use of a small tank without loss of accuracy, and avoids elabo- 
rate mechanisms for positioning the electrodes. Quoting from the author’s abstract: 

“The surface of the ground is represented by the lower face of a thick horizontal plate of plexiglas 
which is laid at the surface of the liquid filling the tank. This plate is pierced by a great number of 
small holes (0.5 mm dia.) whose coordinates have been measured initially with the necessary precision. 
The electrodes are then introduced into these holes without creating any perturbation in the distri- 
bution of the lines of current flow. A solution of copper sulphate is used as the liquid in conjunction 
with copper electrodes. In this way, a D.C. excitation is possible, combining precision with conven- 
ience.”” 

VictoR VACQUIER 
Scripps Institution of Oceanography 
La Jolla, California 


Geophysical Papers, Nos. 36-60, Geophysical Institute at the Czechoslovakian Academy, Praha, 758 

PP-, 1957- 

These 25 papers appear in one volume, which is part of a series ““Geofysik4lni Sbornik’’—also 
bearing the French title “Travaux Géophysiques”—taking its beginning a few years ago. This series 
arrived almost simultaneously with similar series in other East European countries. In Poland, as a 
counterpart, appears the “Acta Geophysica Polonica”; in Hungary, “Acta Technica Academiae 
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Scientiarum Hungaricae.”’ All of them have this feature in common, each paper is provided with ab- 
stracts in one or more West European languages and also in Russian. The language of the papers 
proper is quite often English or German; in some cases, it is Russian. 

As for the papers of the Czechoslovakian Academy, seven are written in English, i-e., two gravi- 
metric and three seismic papers. The other languages used in the papers are Czech, French, German, 


and Russian. 

One of the papers in English (No. 54, by Jan MaSin) deals with an earthmagnetic problem, 
namely “The Magnetic Field of an Infinite Parabolic Cylinder.’’ The author takes his starting point 
in a formula by Dirichlet (Abh. der Berlin Acad., 1839) dealing with the gravitational potential of a 
triaxial ellipsoid, and he calculates formulas for the magnetic Z- and H-field produced by a magnetized 
body with vertical or inclined parabolic cross section in one vertical plane and with infinite exten- 
sion in the perpendicular direction. This parabolic form is approximated by several natural bodies ho- 


mogeneously magnetized. The author draws special attention to the fact that the proportion between 
the widths of an anomaly in the levels }Zmax and $Zmsx is greater for parabolic bodies than for other 
two-dimensional bodies, infinite in depth. 

The papers No. 36-39 deal with gravitational problems of general and local nature. No. 36, which 
is written in English, and No. 37, which is written in Russian, contain diagrams and scales for rather 
exact evaluation of gravitational effects from various bodies and of topographic corrections respec- 
tively. No. 42 (by Jan Picha), which is written in German, presents an extensive investigation of 
earthtides on the basis of horizontal pendulum records for the period 1936-39. The generally accepted 
magnitude of the elasticity of the Earth, which plays a role in the case of gravimetric tide corrections, 
is mainly confirmed. The records render a slight dependence, however, on the probable geographical 
directions. 

The seismic papers, which are numbered 44-49, are partly of rather theoretical nature, for in- 
stance, ‘The reflection of spherical elastic waves at a plane boundary’’ and ‘“The mixed external 
boundary problem for a sphere.”’ Paper No. 40, which is written in Czech, deals with vibrations from 
blasting operations as far as damage done to nearby constructions is concerned; the author concludes 
that the reliability of existing criteria scales is insufficient, and he proposes a scale combining velocity 
and duration of the vibrations. 

Problems concerning geoelectric resistance measurements and interpretation of electromagnetic 
fields are presented in papers No. 56, 57 and 58; the last-mentioned paper, which is written in Czech, 
contains several graphs applicable in dipole arrangements, while the two first-mentioned papers yield 
fundamental basic knowledge. 

As a whole, these papers give a strong impression of a high geophysical standard behind the Iron 
Curtain. 

ASGER LUNDBAK 
The Danish Meteorological Institute 
Copenhagen, Denmark 


The Mechanism of the Earthquakes, A. Honda, Science Reports, Tohoku University, Geophysics Sup- 
plement to Volume 9, 46 pp., 1957. 


In recent years, investigations into the mechanism of earthquakes, based on the seismograms 
which they produce, have been made by people in many lands. Particularly active schools in this field 
have been located in North America, in the Soviet Union, and in Japan. Whereas summaries of the 
North American and Russian work have already been available, the present paper of Honda’s now 
gives an excellent and complete summary of the Japanese work on the subject. It also outlines the 
relation of the Japanese investigations with regard to the work done by the other schools. 

Honda emphasizes that the Japanese work on earthquake mechanisms started as early as 1923 
with Nakano’s discussion of the possible models of an earthquake focus. Two models seem to be par- 
ticularly promising: assuming a dipole (fault) mechanism or assuming a double dipole (quadrupole) 
mechanism. Most investigators have assumed that earthquakes are the result of simple faulting at 


358 PUBLICATIONS RECEIVED 


the focus, but Honda shows that in many instances, especially in deep earthquakes in Japan and in its 
vicinity, a double dipole appears to fit the observational data better. If this mechanism is adopted, 
then it would appear that the motion in the deep earthquake foci in and near Japan is such that the 
Pacific side is overthrusted by the Asiatic side. This would be in agreement with some geodynamic 
speculations regarding the tectonophysics of the Earth’s crust. Honda also tries to fit the double di- 
pole model to the mechanism of very shallow earthquakes, but the agreement is then not so good. 
After a brief review of the mechanism determinations that have been made on earthquakes occur- 
ring in other parts of the world, Honda concludes that one really cannot decide between the two 
competing models without further detailed investigations of seismograms. 
The paper by Honda is well written and recommended reading to anyone interested in obtaining 
a general picture of the science of determining earthquake mechanisms. 
A, E. SCHEIDEGGER 
Imperial Oil Limited 
Calgary, Canada 
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LETTERS TO THE EDITOR 


VERTICAL GRADIENT OF GRAVITY 


As the co-author of the paper “Observation of the Vertical Gradient of 
Gravity in the Field” which appeared in Vol. 21 (1956) of Gropuysics, I should 
like to add some comments. 

From the operational viewpoint the advantage of the two-stage or two-level 
gravimeter method for observing the vertical gravity gradient consists in avoid- 
ing elevation correction and of being able partly to dispense with terrain cor- 
rections. It cannot be disputed that terrain effects will be considerably less than 
with the regular gravity method making use of the gravimeter, because for the 
vertical gradient the effect falls off more rapidly as the angle between the radius 
vector and the vertical increases than in the case of gravity. . 

Two major objections, however, have to be accounted for relative 'to the 
two-level gravimeter method: first, the considerable accuracy required for in- 
dividual observations and, second, the relatively great sensitivity of the observed 
vertical gradient to density variation near the surface. 

Considering the first-mentioned objection we may reasonably expect the 
necessary accuracy of individual readings to be possible if suitable wind screens 
are used for protecting tripod and instrument against gusts of wind. 

Regarding the second objection, the present outlook is not favorable. The 
magnitude of any vertical gradient anomaly must depend upon the magnitude 
and broadness of the associated gravity anomaly. The relatively large and sharp 
anomalies of the vertical gravity gradient observed across the Turner Valley 
Field can only be explained by local inhomogeneity or density variation just 
below station sites. Shallow features not deeper than 15 ft below the surface 
probably produce these large anomalies superseding the regional effect. 

We have to conclude that the practical application of the two-stage gravim- 
eter method must be limited to the rather special cases where the structures 
causing the anomaly are sufficiently large and the shallow features relatively 
uniform. If these conditions are satisfied, the observed vertical gravity gradient 
could then be useful. I believe, however, that territory covered by layers of ice, 
snow, water, or even sand of sufficient thickness should also be considered 
relatively favorable for vertical gravity gradient observation. 

The only positive conclusion which can possibly be drawn at the present time 
is perhaps that inhomogeneous layers or bodies just below the observation points 
of regular gravimeter work may cause errors up to 0.02 mg. If for some special 
survey problem the accuracy of +0.01 mg is required, it may seem advisable to 
measure at two levels in order to obtain the necessary local corrections due to 
near-surface gravity effects. 
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I cannot fail at this opportunity to express to Drs. L. L. Nettleton, D. C. 
Skeels, and R. Vajk my gratitude for communicating their opinion on vertical 
gravity gradient observations which is reflected to a large extent by this present 
letter. 

STEPHEN THYSSEN-BORNEMISZA 
Independent Geophysicist 
Havana, Cuba 

Received November 14, 1957. 


TRANSIENT BEHAVIOR OF PATTERNS 


Seemingly contradictory conclusions on the transient behavior of patterns 
appear in two papers published in Gropnysics, January, 1958 (White, J. E., 
“Transient Behavior of Patterns,” p. 26-43; and Savit, Carl H., Brustad, John T., 
and Sider, Joseph, ‘“‘The Moveout Filter,” p. 1-25). Differences of computation 
method, produced by differences of emphasis, have resulted in different con- 
clusions. 

Dr. White concludes that “the details of the strength distribution [of a 
pattern] have very little effect on the resulting wave form.”’ My co-workers 
and I, on the other hand, present a strength distribution which reduces the peak 
amplitude of a transient to 45 percent of the value produced by a uniform pattern 
with a broad band system. We also mention that this contrast may be enhanced 
by appropriate filtering. 

Dr. White was primarily investigating transient behavior of several arbi- 
trarily selected patterns with respect to transients traveling with relatively 
high phase-velocity along the pattern. In general, his ranges for Ar indicate that 
he is dealing either with relatively small patterns or is restricting himself to 
phase velocities high enough to be associated only with ““P”’ waves. Within these 
limitations, the assumption that arrays of discrete detectors may be approximated 
by continuous distributions is valid. It is also, within these same limitations, 
valid to conclude that arbitrary strength distributions have little effect on 
transient response. On the other hand, it is possible to design a strength distribu- 
tion which will yield any specified (within reasonable limitations) transient 
response. In other words, unless an effort is made to achieve a special type of 
response, there will be little or no effect produced by random or arbitrary changes 
in strength distribution. 

These last statements are based on studies of the responses of a number of 
arbitrary patterns, particularly a group of patterns with randomly distributed 
strengths, and with strengths randomly deviating from optimum distributions. 
Responses were calculated by direct summation for discrete detectors on an 
NCR 102A computer. Results indicated that random strengths produced response 
curves not substantially different from the response of a uniform array. Studies 
of random deviations from optimum distributions were used to establish toler- 
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ances and maintenance standards for optimum arrays used on operating field 
units. 

For relatively large arrays, not falling within the scope of Dr. White’s study, 
there is an appreciable difference between a continuous array and one composed 
of discrete elements. In particular a continuous array must decrease the sharp- 
ness of onset of any transient. For example the finite step transient (Figure 1, A) 
will come through a uniform, constant-strength array as a house-top (Figure 1, 
B), while it will come through a uniform three element array as a sequence of steps 
(Figure 1, C), a long step (Figure 1, D), or something more complicated (Figure 1, 
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E), depending on the relationship of the duration and phase velocity of the tran- 
sient to the dimensions of the array. In any event, the impulsive onset is main- 
tained by the array of discrete elements. This distinction between the continuous 
and the discrete is minimized for short delay times and many detectors on a rela- 
tively small pattern since the difference between a continuous rise (Figure 1, F) 
and a sequence of short steps (Figure 1, G) is not too great. 

Taper of the strength of an array has the effect, however, of reducing the 
slope of the onset of a transient, an effect which may be overlooked when dealing 
with continuous arrays and slowly rising transients but which attains importance 
in relation to discrete arrays and sharp transients such as the direct ‘“‘P”’ wave. 

Amplitudes of the beginning and end of the output of a continuous array, 
for a relatively gentle transient, may nevertheless be substantially reduced by 
tapering. This phenomenon may be observed in Figure 12 of Dr. White’s paper 
for the case of Ar= 2.5. Increasing the vertical scale of this illustration would pro- 
duce a picture quite similar in gross aspect to Figure. 4 in our paper. Ex- 
perimental verification of this particular effect has been obtained. 

No real disparity of conclusions remains between the two papers. It should 
simply be noted that ordinarily the transmission characteristics of non-patho- 
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logic arrays with respect to normal reflection-type transients are insensitive to 
variations in strength distribution, while rejection characteristics with respect 
to typical noise events are substantially improved by judicious tapering. 

CarL H. Savit 

Western Geophysical Company 

Los Angeles, California 


Received December 16, 1957. 


AUTHOR’S REPLY 
Mr. Savit has sent me a copy of his letter to the editor. I suggest that the 

“seemingly contradictory conclusions’ mentioned by Mr. Savit might largely 
be cleared up by repeating in their entirety the two sentences which contain the 
portion of a sentence quoted by Mr. Savit: “It was anticipated that for large 
values of Ar, either of the last two cases would result in smaller residual signa! 
than was obtained with the uniform distribution. This turns out to be true by a 
small factor, but it appears that, for small values of Ar, the details of the strength 
distribution have very little effect on the resulting waveform.” 

J. E. Waite 

The Ohio Oil Company 

Littleton, Colorado 


Received December 23, 1957. 
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PROFESSIONAL AND TECHNICAL INTERESTS 
OF SEG MEMBERS* 


W. O. HEAPT 


The Society of Exploration Geophysicists has grown rapidly over the last few years toa member 
ship of over five thousand. Since the field of exploration geophysics is broad and complex, the mem- 
bership represents a wide range of professional interests and skills; and this is a fact which makes it 
especially difficult for those administering the society’s activities to be sure that its services are being 
properly directed. 

For this reason, it is desirable for the society to obtain as complete a cross sectional view of its 
members as can readily be obtained. With the aid of the proper information officers of the society 
can better direct their efforts to serve the majority. 

At the executive committee meeting held on March 27, 1955, Dr. Norman H. Ricker, the Editor, 
proposed that a questionnaire be sent to all SEG members for the following reasons: 


1) To determine the educational background of the members regarding their degree of education 
and major subjects. 
To determine the distribution of our members with respect to their selected fields of work. 
To determine the percentage of our members who are members of a selected group of societies. 
To determine whether the majority of our members desired SEG to become a member of the 
American Institute of Physics. 
To determine the preference of the members for particular subjects of papers published in our 
journal. 
To determine how the members classified themselves other than being geophysicists. 
To determine those members who are best qualified in the various fields to assist in the editing 
of the papers presented for publication. 
To determine the leaders in the various fields for the purpose of broadening representation in 


the journal. 


The proposal was approved by the executive committee, and late in 1955 the questionnaire illus- 
trated in Figure 1 was sent to the 5,083 members of SEG. Seventy-five percent of the membership 
(3,810) responded. 

On October 28, 1955, the executive committee appropriated funds to prepare a punched card 
file of the answers received. The answers to the questionnaires were then coded and key punched into 
cards; one card per questionnaire, with the member’s name and code number. Some concept of the 
complexity of the coding system! may be inferred from the analysis of the answers as displayed in the 
following figures and tables. 


RESULTS IN GRAPHICAL FORM 


It is interesting to note that although a formal education is not a prerequisite for membership 
in our society, only 3.4 percent of our members did not attend a college or university. The formal 
training of our membership, based on the seventy-five percent reporting, is shown in graphical form 
in Figure 2. A study of this chart shows that over one-fourth of our total membership have earned 
degrees requiring five or more years of college study. Less than eleven percent hold no college degree 


* Results of a survey conducted by the Society of Exploration Geophysicists. 
t Seismograph Service Corporation, Tulsa, Oklahoma. 
1 A description of the coding system which was used may be obtained upon application to the 


SEG Business Office. 
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1. College undergraduate major subject 
College undergraduate minor subject 
Graduate work _________ subject ___ 
Highest Degree earned _ 

Subject 
College attended (name) 


QUESTIONNAIRE 


. Which of the following most closely describes your college training? (Please insert numbers in 
boxes in order of importance, 1, 2, 3, etc.) 

Geology Electrical Engineering 

Geophysics C] Other Engineering 

Physics Non-Technical 

Mathematics [ Other (please specify) 


. Which of the following most closely describes your present work? (Please insert numbers in boxes 
in order of importance, 1, 2, 3, etc.) 
Geophysical Field Exploration Coordination of Geology & Geophysics 
Administration @ Geophysical Interpretation 
Theoretical Research Geological Exploration 
Experimental Research Teaching 
Apparatus Development Other (please deacribe) 


Please check professional societies other than SEG on the following list, in which you hold member- 
ship. 

AAPG: Seismological Society of America 

American Phys. Soc. American Geophys. Union 

Geol. Soc. America European Assoc. Expl. Geoph. 

Amer. Math. Soc. Inst. of Radio Engineers 

Accoust. Soc. America American Inst. Electr. Engineers 

AIME Petroleum Branch AIME Mining Branch 

Others 


Geophysics, being a borderline science lying between Geology and Physics, depends greatly upon a 
flow of ideas from and contacts with both of the above sciences. The SEG is now a member of the 
American Geological Institute. Would you like the Society to be a member, in addition, of the 
American Institute of Physics, assuming that the mechanics of admission could be worked out 
satisfactorily? 

Yes 
No 
No Opinion 


. Our journal, Geopnysics, has in the past contained papers covering material in the following 
categories. Do you think we should endeavor, in the future, to publish more or fewer papers be- 
longing to each category? 


For more insert M in box 
For fewer insert F in box ; 
If present coverage is satisfactory to you put S in box 


This is not to emphasize your own interest. Please take a broad point of view and decide on the 
overall plan which will best serve the development of our art. 

Case histories C) Fundamental Theory 

Geophysical Instrumentation [ } Basic Physics of the Earth 

Computation Procedures LJ Safety J 

Geophysical Education LJ Field Procedures LJ 

Other (Please describe) 


Insofar as we are working in geophysics we are all geophysicsts. Outside of geophysics which of 
the terms below best describes you? Check one. 

Geologist Mining Engineer 

Physicist Petroleum E ngineer 

Electronics Engineer Civil Engineer 

Chemist Mechanical Engineer 

Mathematician Explosives Engineer 

Radio Engineer Non-Technical 

Other (Please describe) ___ 


Fic. 1. The SEG questionnaire on professional interests. 
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63.2% 
BACHELOR DEGREE OR EQUIVALENT 


NEVER 
AENDED COLLEGE 


146.8% 
MASTERS DEGREE 
OR EQUIVALENT 


Fic. 2. The percentage of SEG members obtaining different levels of formal education. 
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GEOLOGY 


13.7 % 
GEOPHYSICS 


ELECTRICAL 


10.4% 


Fic. 3. The percentage of SEG members that obtained their degree in the subjects indicated. 
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Figure 3 shows the percentage distribution of our membership among the subjects of their col- 
legiate degrees. Of the 89.4 percent of our members who have obtained degrees, 37.4 percent obtained 
their degrees in geology; 33.5 percent obtained their degrees in physics (including geophysics) or math- 
ematics; and 18.1 percent obtained their degrees in engineering. 

The results of the question about the college or university from which the degree or degrees were 
obtained would indicate that our membership represents a large proportion of the schools not only 


TABLE I 


Percentage Members Percentage 
College or University inte of Members Attaining Attaining 

Attending __ Highest Degree Highest Degree 


Colorado School of Mines 204 
University of Texas 287 
University of Oklahoma 280 
Texas A. and M. College 164 
California Institute of Tec hnology 117 
St. Louis University 
University of California, Berkeley 
English Universities 
Rice Institute 
Massachusetts Institute of Technology 
University of Toronto 
University of Houston 
Louisiana State University 
Southern Methodist University 
University of Wisconsin 
University of Colorado 
University of Kansas 
Okiahoma A. and M. College 
University of Tulsa 
University of Minnesota 
French Universities 
Harvard University 
University of Chicago 
University of California, Los Angeles 
Columbia University 
German Universities 
University of Illinois 
University of Nebraska 
Washington University, St. Louis 
University of Utah 
University of Michigan 
Cornell University 
Georgia Institute of Technology 
Ohio State University 
Princeton University 
University of Arkansas 
Towa State University 
Texas Christian University 
Scandinavian Universities 
Missouri School of Mines 
University of Missouri 
McGill University 
Rensselaer Polytechnic Institute 
Yale University 
Dartmouth College 
Johns Hopkins University 
University of Pennsylvania 
Swiss Universities 
Colgate University 
Indiana University 
Catholic University of America 
University of New Mexico 
Northwestern University, Evanston, III 
Depauw University 
Brown University 
University of Iowa 
University of Virginia 
Duke University 
Notre Dame 
U. S. Military Academy 
Italian Universities 
New York University 
University of Maryland 
. S. Naval Academy 
Other Universities 
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in the United States but in many other countries as well. A list of sixty-five schools was compiled 
which might be represented by the great majority of our members. As shown in Table I, over a third 
of those members attended some college or university other than the sixty-five for which a count was 
compiled. Unfortunately, time has not permitted a review of the questionnaires to list the membership 


representation in other schools. 


PERCENT 
20 


GEOLOGY 


GEOPHYSICS 


PHYSICS 


MATHEMATICS 


ELEC. ENGR 


OTHER ENGR 


MAJOR SUBJECT 
FIRST MINOR 
SECOND MINOR 


NON-TECH. 


OTHER 


NO ANSWER 


Fic. 4. This chart presents as a percentage of the total SEG membership, the 
major, first minor, and second minor collegiate subjects of our members. 


An interesting bit of information obtained as a by-product is that 22.2 percent of those attending 
a college or university attended two schools and 41.1 percent attended three or more schools. The 
value of these figures has not been ascertained, but statistically they are most assuredly correct. 

The bar graph in Figure 4 illustrates, in percentages of college graduates, the relative represen- 
tations of the collegiate major, first minor, and second minor subjects. The major subject percentages 
compare favorably with the results indicated in Figure 3 as to subject of degree. The additional 
information gained is the relative strength of the first and second minor subjects. This chart points 
out the great strength of physics and mathematics as foundation courses for our members. This is to 
be expected, however, since all but a very small percentage majored in some field of science. 

Our members were asked to subdivide their jobs further into the categories shown on the chart 
in Figure 5. Each member was asked to designate that branch of the geophysical exploration field 
which corresponded to his principal work, his next most important category of work, and the cate- 
gory of work which he considered his third in importance. 

The results indicate strong representation in geophysical interpretation, in field exploration, and 
in administration. The results show that a very low percentage of our members are engaged in re- 
search and development. 

To determine more clearly what the practicing geophysicist does with his time, a breakdown was 
made on those members who indicated they are primarily engaged in geophysical interpretation. Of 
these members, 32.1 percent indicated no other duties; 26.6 percent are also engaged in field explora - 


2 See Editor’s note on p. 372. 
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PERCENT OF TOTAL MEMBERSHIP (75% REPORTING) 
5 10 5 20 25 90 3S 40 
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RESEARCH 

D2 ORDER oF 
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COORDINATION 
OF GEOLOGY AND 
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GEOPHYSICAL 
INTERPRE TATION 


GEOLOGICAL 
EXPLORATION 


TEACHING 


OTHER 


Fic. 5. How our members classify their first, second, and third fields of work in the 
categories shown is presented in percentages of total membership. 


tion; 22.6 percent are also engaged in the coordination of geology and geophysics; and 12 percent have 
some administrative duties. Figure 6 more clearly illustrates these percentages in the form of a pie 
chart. Here again is a possible indication of the lack of emphasis on research. 

Figure 7 is included here to illustrate graphically what precentage of our members consider them- 
selves qualified in the fields given (i.e., other than geophysics). The correspondence in the distribu- 
tion of our membership as illustrated in this chart and as illustrated in the chart of Figure 3 which 
depicts the percentage obtaining their degrees in these fields indicates that, in general, a person con 
siders himself next best qualified in the field in which he obtained his formal education, providing that 
this field does not happen to be that in which he is currently engaged. The category entitled “nothing” 
is not intended to mislead the reader. It simply means that this percentage of our members do not 
consider themselves anything but geophysicists. 

One of the questions for which the answers were most desired was that concerning the subject 
matter of papers published in Gropuysics. In general, it was felt that nearly all the papers published 
in the journal could be classified under the eight topics given in question 6 of the questionnaire illus- 
trated in Figure 1 and as presented again in Figure 8. Since the journal is published to aid our mem- 
bers in a free flow of information, to provide the opportunity to be heard, and to promote a more 
thorough, broader knowledge by keeping our members informed of the latest techniques and results 
of scientific studies, it is important that the types of papers presented be of primary interest to the 
majority while still serving the minority whenever possible. 

A study of Figure 8 reveals that the members in general consider that they have been well served 
by the journal. An increase in case histories and in computation procedures definitely appears war- 
ranted. There is clearly a green light, however, for as many or possibly more papers in the cate- 
gories of Fundamental Theory, Basic Physics of the Earth, and Field Procedures. Each of these 
classifications had a highest percentage of ‘‘more’’ requests, followed by “‘satisfactory,” and with 12 
percent or less of “‘fewer’’ responses. 

There was a slight majority of ‘‘satisfactory”’ replies in the case of Safety papers with the minority 
opinions divided in favor of ‘“‘fewer.’’ The remaining categories received pluralities of ‘‘satisfactory”’ 
answers with the other opinions favoring ‘“‘more’’ over “fewer’’ by at least two to one. 
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Fic. 6. This chart depicts the other duties of geophysical interpreters in terms of 
the percentage which indicated their duties included these categories. 
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Fic. 7. Chart indicating how our members classify themselves other than being geophysicists. 


= 
Bin 
9 
x} ™ 
vo 
‘ 


PERCENTAGE OF TOTAL MEMBERS 
20 25 30 3s 
CASE 
HISTORIES 


GEOPHYSICAL 
INSTRUMENTATION 


COMPUTATION 
PROCEDURES 


GEOPYSICAL 
EDUCATION 


FUNDAMEN TAL 
THEORY 


BASIC PHYSICS 
OF THE EARTH 


SAFETY 


FIELD 
PROCEDURES 


OTHER 

SUBJECTS 
MORE 
FEWER 
SATISFACTORY 
NO OPINION 


Fic. 8. Chart indicating the preference of our members as to the par- 
ticular categories indicated for publication in Geopnysics. 
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Fic. 9. Percentage of SEG members who are members of the organizations listed. 
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Fic. 10. Results of the voting on the question whether SEG should become 
a member of the American Institute of Physics. 
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Fic. 11. General subject of doctoral degrees held by SEG members by 
percentage of the number of such degrees. 
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DISCUSSIONS AND COMMUNICATIONS 


Exploration geophysicists primarily engaged in the search for oil must work closely with geolo- 
gists. To keep informed of the latest developments and theories of the geologist in his search for oil, 
it has been found very advantageous for the geophysicist to join The American Association of Petro- 
leum Geologists. In Figure 9 you will note that 32.5 percent of the SEG membership are also mem- 
bers of AAPG. The other technical societies listed on this chart also claim a fair proportion of our 
membership on their rosters. 

The results of the voting on the question whether SEG should consider entering negotiations 
with the American Institute of Physics for the purpose of becoming a member of that institute are 
presented in Figure 10. There was a ratio of seven and a half to one in favor of the proposition among 
the 53 percent expressing opinions. 

The primary purpose of this report is to submit to the membership the results of the studies of 
the questionnaires. Another purpose of this report is to inform the membership of the punched card 
file now kept by the society. From time to time this file will be brought up to date and perhaps en- 
larged in scope if found that the best interests of the society are thereby benefited. 


EpiTor’s Note: Dr. Norman H. Ricker has pointed out that, due to the possibility of ambiguity 
in the answers to the last question of Part 1 of the Questionnaire, there is a possibility of error in 


Table I. This would apply to the columns showing Members Attaining Highest Degree and Percentage 
Attaining Highest Degree. A spot check of a portion of the information involved in these columns 
shows that a considerable amount of error may have occurred. The two right-hand columns of 
Table I are, therefore, subject to question. There is no evidence to question the validity of the other 
statistics. 
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MEMORIAL 


HENRY CORNELIUS CORTES 

Henry CorNe.Lius Cortes, former President of the Society of Exploration 
Geophysicists, died on Friday, December 6, 1957, in Honolulu, Hawaii, at the 
age of 65. He was stricken with a heart attack while he and Mrs. Cortes were on 
their way to Taipei, Formosa, to spend Christmas with their daughter and 
her family. 

Funeral services were held on December 12 in St. Mathew’s Cathedral 
(Episcopal), Dallas, of which he was an active member. Interment was in 
Sewanee, Tennessee. 

Henry was born in Houston, Texas, where he attended public school. Later 
he went to Sewanee Military Academy in Sewanee, Tennessee. After his second- 
ary education was completed he entered The University of the South, also in 
Sewanee, for his college work. 

At Sewanee he met and married Ray Brooks on June 3, 1914. To them were 
born two children, a son, Henry, Jr., and a daughter, Maria. 

He began his career in the oil industry in February, 1920, by working as a mem- 
ber of a rotary drilling crew for Monarch Oil Company in the Hull Field of Liberty 


373 


4 
al 
— 
— & 
— 
>" 
ae 


374 MEMORIAL 


County, Texas. His interest in the oil industry was born here; and by individual 
study he prepared himself for the future positions he attained. 

In 1924 he moved into the field of scouting and geology with the Vacuum 
Oil Company. Convinced of the coming role of geophysics in the oil industry, 
he interested himself in the early torsion balance and refraction seismograph 
work. Soon afterwards he was placed in charge of the geophysical crews which 
consisted of torsion balance and refraction parties. Geophysical Research Cor- 
poration introduced the reflection seismograph upon his recommendation, and 
some of the earliest work of this nature was done for Vacuum. He had a major 
role, through geological and geophysical interpretation, in locating such fields as 
Iowa, Cameron Meadows, Roanoke, Woodlawn, West Gueydan, Seeligson, 
La Gloria, and Tomball. In 1932, with the merger of Vacuum and Standard Oil 
Company of New York, Henry joined the Magnolia Petroleum Company, the 
southwestern affiliate of the newly-formed Socony-Vacuum, and he was later 
place in charge of geophysical exploration. 

Henry Cortes was among the first to recongize the crude oil potential of the 
Louisiana and Texas offshore areas. This steadfast belief was an important 
factor in Magnolia’s assuming a pioneering role in the development of the off- 
shore fields. 

In 1946 Henry was made Assistant Manager of Magnolia’s Exploration 
Division. In March, 1954, he was elected to the Board of Directors and named 
Executive-in-Charge of the company’s Field Research Laboratory. In August, 
1956, he was made a Vice-President in charge of coordination of all offshore 
operations and the director responsible for the Field Research Laboratory. 

In June, 1955, his unique experience in geophysics in offshore areas led to his 
being invited to present a paper on “Geophysical Prospecting Over Continental 
Shelves” at the Fourth World Petroleum Congress in Rome, Italy. 

Henry’s wide-ranging interest in every phase of oil discovery took him into 
many activities. He was made a charter member of SEG following his application 
for membership which was dated July 1, 1930. His service as Vice-President in 
1944-1945 was followed by his term as President of SEG. While holding this 
latter office he initiated the publication of Geophysical Case Histories, and he 
served as chairman of that committee from 1946 to 1949. He was also chairman 
of the War Efforts Advisory Committee during World War IT. 

He served as President of the Dallas Geological Society and of the Dallas 
Petroleum Club. He was a Fellow of the Texas Academy of Science. He was 
active in the membership of the American Association of Petroleum Geologists, 
the American Geophysical Union, American Association for the Advancement of 
Science, the Seismological Society of America, the Dallas Geophysical Society, 
the Dallas Geological Society, the Mid-Continent Oil and Gas Association, the 
National Oil Scouts and Landmen’s Association, and the Engineers Club in 
Dallas. 

Perhaps the most personally esteemed of the many honors he earned was the 
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recognition given him by The University of the South on June 10, 1957. His 
alma mater awarded him the honorary degree of Doctor of Science at its com- 
mencement exercises on that date. 

SEG members, members of the Magnolia Petroleum Company, and friends in 
many walks of life were equally saddened by his sudden death. Henry was 
tolerant of the opinion of others and held in high regard the natural rights of 
all men. His friends were as numerous as his acquaintance was broad. He was 
at ease in the most cultured and scholarly assembly, yet he cherished and cul- 
tivated the friendship of all classes. He was always a gentleman in manners and 
bearing with a perennially warm, sincere, and loving heart. His convictions were 
never sacrificed to convenience nor his integrity to expediency. None of his 
numerous and valuable contributions to petroleum science matched the stimu- 
lating impact of his personality. 

Henry is survived by his wife, Ray; by Mrs. Kirby-Smith, his daughter; a 
son, Henry C. Cortes, Jr., of Dallas; a brother, W. A. Cortes, of Houston; two 
sisters, Mrs. Ed Brazelton and Mrs. Edna Fisher of Houston; and four grand- 


children. 
E. NASH 


TEXAS 
January 14, 1958 
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CONTRIBUTORS 


Lancpon H. BEeRRYMAN attended the University of 
Michigan and the University of Oklahoma, receiving his 
Ph.D. in physics from the latter in 1950. From 1950 to 
1954 he was Assistant Professor of Physics at the Univer- 
sity of North Carolina. He joined the Continental Oil 
Company in 1954, and he is now Senior Research Physicist 
in the Development and Research Department at Ponca 
City, Oklahoma. Dr. Berryman is a member of the Geo- 
physical Society of Tulsa. 


LANGDON H. BERRYMAN 


J. CL. DE BREMAECKER was born in 1923 in Antwerp, 
Belgium. He graduated in Mining Engineering from the 
University of Louvain in 1948, and in that same year he 
came to the United States. He received a Master’s degree 
in Geology from Louisiana State University in 1950 and 
the Ph.D. in Geophysics from the University of California, 
Berkeley, in 1952. He later visited the Hawaiian Volcano 
Observatory and the Earthquake Research Institute of 
Tokyo University. In 1953 he started the program of 
the Institute for Scientific Research in Central Africa 
(I.R.S.A.C.) in vulcanology and seismology, the latter of 
which has resulted in five seismographic stations in or near 
the West African Rift Valley. 

In 1955-56 he was awarded the Boese Postdoctoral 
Fellowship at Columbia University. 

Dr. de Bremaecker is a member of the Society of Ex- 
ploration Geophysicists, the American Geophysical Union, 


. CL. DE BREMAECKER 
and the Seismological Society of America. J 
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CONTRIBUTORS 


Joun H. HENKEL received his B.S. degree in physics in 
1947 and his M.S. in physics in 1948, both from Tulane 
University. From 1951 to 1954 he was employed by the 
Magnolia Petroleum Company at its Field Research Labo- 
ratories in Dallas. In 1954 he received his Ph.D. in physics 
from Brown University and returned to the Magnolia 
Field Research Laboratories. In 1955 he joined the Physics 
Staff at the University of Georgia. 

Dr. Henkel is a member of the Society of Exploration 
Geophysicists, Sigma Xi, Sigma Pi Sigma, and the Ameri- 
can Institute of Physics. 


Joun H. HENKEL 


DanrEL C. Ion is general manager and Exploration 
Manager of Triad Oil Company Ltd. of Canada. He was 
Exhibitoner of the Queen’s College, Oxford, and holds a 
First Class Honours Degree in Geology. In 1933, he became 
field geologist with the Anglo Persian Oil Company, now 
British Petroleum Company Ltd., in Persia, and has 
worked in Nigeria, Rumania, and the United Kingdom. He 
served in the Royal Air Force during World War II. He is 
a Fellow of the Geological Society of London and of the In- 
stitute of Petroleum. He is a member of the Alberta Society 
of Petroleum Geologists and of the American Petroleum 


Institute. 
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CONTRIBUTORS 


Born in Cognac, France, PIERRE L. GoupILLAuD grad- 
uated in 1942 from the Saint Etienne School of Mines and 
did postgraudate work in mining geology at the Paris 
School of Mines. He was instrumental in organizing the 
Bureau of Mines in French Guiana in 1944, and from 1948 
to 1950 he was Controller of Mines in New Caledonia. Mr. 
Goupillaud is now Senior Research Geophysicist of Conti- 
nental Oil Company in the Exploration Research Division, 
and he has been with the firm since 1952. He served with 
the Signal Corps of the French Army from 1939 to 1942. 
He is a member of the SEG. 


. GOUPILLAUD 


Witiiam O. Heap received a Bachelor of Science de- 
gree in Electrical Engineering from the University of Illi- 
nois in 1944, and he has done graduate work at the Uni- 
versity of Tulsa in geophysics. He was a field engineer for 
the Schlumberger Well Surveying Corporation from 1944 
to 1946, and in 1946 he joined Seismograph Service Corpo- 
ration. He became a Seismic Party Chief in 1949, a Senior 
Research Engineer in 1953, and a Senior Supervisor in 1954. 
In 1953 he established an electronic computing department 
for SSC, and he now heads this department. Mr. Heap is 
also in charge of the continuous velocity logging research 
program. 

He is a member of the American Association of Petro- 
leum Geologists, the American Institute of Electrical En- 
gineers, the Society of Exploration Geophysicists, the So- 
ciety of Industrial and Applied Mathematics, the Tulsa 
Geophysical Society, and the National Machine Account- 


O. Heap 
ants Association. 
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CONTRIBUTORS 


Prerre A. A. H. Masson received his degree in Science 
from the Sorbonne in 1947, and he completed his studies at 
the Ecole Nationale Supérieure du Pétrole in Paris and the 
University of Besangon. He joined Petrofina in Mexico in 
1951 and served as chief geologist for Petrofina’s Angola 
operations in 1953. He became exploration manager of Na- 
tional Petroleum Company of Egypt, an affiliate of Petro- 
fina, in 1955 and was recently appointed Chief Geologist of 
Petrofina’s Brussels office. He is a member of the Geological 
Society of France, European Geophysical Society, and 
Asociacion Mexicana de Geologos Petroleros. 


PrerreE A. A. H. MAsson 


EuGene M. McNatrt received the Ph.D. degree in 
Physics from Washington University (St. Louis) in 19309. 
He was then employed by The Carter Oil Company, being 
first engaged in various fields of research, principally geo- 
physics. He later transferred to the Exploration Depart- 
ment of the same company. In 1956 he joined the Standard 
Oil Company (N. J.) as geophysical advisor. He is a mem- 
ber of the SEG, the American Institute of Mining & Metal- 
lurgical Engineers, the American Physical Society, Phi 
Beta Kappa, and Sigma Xi. 


E. M. McNatr 
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CONTRIBUTORS 


T. C. Ricnarps is Chief Geophysicist for Triad Oil 
Company Ltd. and was formerly chief research geophysi- 
cist with British Petroleum Company Ltd. His degrees in- 
clude the B.Sc. (Hons.) of the University of London; 
A.R.C.S. (Associate Royal College of Science); D.L.C. 
(Diploma of Imperial College), and Ph.D., London. With 
experience in exploration geophysics since 1927, Dr. Rich- 
ards is a member of the SEG, founder member of European 
Association of Exploration Geophysicists, a Fellow of the 
Institute of Physics and the Royal Astronomical Society. 
Subjects of papers published by Dr. Richards include tele- 
scopic vision, thermal expansion, elasticity of rocks, explo- 
sives for refraction surveys, geophysical surveys at sea, and 
gravity survey of the Bahamas. 


T. C. RicHarps 


Epwin H. SratHam attended elementary school and 
high school in San Antonio, Texas. He later attended San 
Antonio Junior College where he studied physics, mathe- 
matics, and chemistry. In 1934 he joined the Independent 
Exploration Company as a member of a seismograph party. 

In 1935 he was employed by the Humble Oil and Refining 
Company, and he has been in its Geophsics Research Sec- 
tion since that time. Mr. Statham received a B.A. degree 
in mathematics, the University of Houston in 1955. He has 
been active in research on remanent magnetism since 1954. 


EpwIn H. STATHAM 
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CONTRIBUTORS 


Wituiam E. WALLIs received the degree of Geological 
Engineer in 1930 from the Colorado School of Mines. After 
24 years of foreign service with Standard Oil Company 
(N. J.) affiliates, he transferred to New York as deputy 
exploration manager for the parent company. Foreign em- 
ployment was in Mexico, Costa Rica, Cuba, Egypt, Ecua 
dor, Peru, and Venezuela. He is a member of the American 
Association of Petroleum Geologists, the SEG, Sigma Gam- 


ma Epsilon, Tau Beta Pi, and is a Woods Hole Associate. 


W. E. WALLIS 


Born in England, K. H. WATERs attended the Imperial 
College of Science, London University, where he received a 
B.Sc. with first class honors in Physics in 1934 and a D.L.C. 
in Geophysics in 1936. From 1936 to 1938 he was assistant 
lecturer and demonstrator in Geophysics at Imperial Col- 
lege. In 1938 he came to the United States in the employ of 
the National Geophysical Company, although he returned 
to England in 1942 where he did research and development 
work in Acoustics with the British Army until 1945. He 
Joined the Continental Oil Company in 1955 as a group 
leader of theory and interpretation in the Exploration Di- 
vision, Development and Research Department. Mr. Wa- 
ters is a member of the SEG, Geophysical Society of Tulsa, 
and the Ameriean Association of Petroleum Geologists. 


K. H. WATERS 


Biographies and photographs of the following authors appear in this or earlier issues of GEo- 
puysics as follows: F. J. Agnich, v. 23, p. 409-410; Roy F. Bennett, v. 21, p. 550-551; C. H. Dix, v. 109, 
p. 844; H. F. Dunlap, v. 22, p. 468; L. G. Howell, v. 22, p. 469; Curits H. Johnson, v. 16, p. 728; 
J. D. Martinez, v. 22, p. 474; J. P. Woods, v. 21, p. 552. 
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SOCIETY ROUND TABLE 


COMMITTEES FOR THE YEAR ENDING IN OCTOBER 1958 


EXECUTIVE COMMITTEE 


President: O. C. CiirrorD, Jr., The Atlantic Refining Co., Dallas, Texas 
Vice-President: BEN F. RUMMERFIELD, Century Geophysical Corp., Tulsa, Oklahoma 
Secretary-Treasurer: Howarp E. ItteN, Empire Geophysical Inc., Ft. Worth, Texas 
Editor: LAWRENCE Y. Faust, Amerada Petroleum Corp., Tulsa, Oklahoma 

Past President: Roy F. BENNETT, Sohio Petroleum Co., Oklahoma City, Oklahoma 


Nominations 
O. C. CLurForD, Jr., Chairman 
Roy F. BENNETT 
R. C. Duntap, Jr. 


Tellers 
J. V. FRANKLIN, Chairman 


Education 


Josuua L. Soske, Chairman 
Victor J. S.J. 

P. E. DEHLINGER 

G. D. GARLAND 

J. W. Hoover 

J. B. Hupson 

V. VACQUIER 


Student Membership 
W. H. Courtier, Chairman 


Subcommittee on Student 
Membership 


Frep J. AGNICH, Chairman 


Subcommittee on 
Scholarships 


RICHARD BREWER, Chairman 


Subcommittee on Essays 
CHARLES W. OLIPHANT, 
Chairman 


Distinguished Lectures 


M. E. Denson, Jr. (’58), 
Chairman 

R. A. PETERSON (’58) 

Joun BEMROSE (’59) 

MILTON Born (’59) 

A. J. (’60) 

J. WELDON Tuomas (’60) 

Radio Facilities 

B. D. Lee, Chairman 

W. M. Rust, Jr., Vice- 
Chairman 

C. B. Bazzon1 

RICHARD BREWER 

V. Ropert KERR 

E. M. SHOOK 

DANIEL SILVERMAN 

Bart W. SorGE 


Membership 


Joun C. Chairman 


C. L. BARKER 
L. H. Boyp 
G. A. 


Honors and Awards 


SiGMUND HAMMER (’58) 
Chairman 

Curtis H. JOHNSON (’59) 

Roy L. Lay (’60) 

Paut L. Lyons (’61) 


Publications 


Cecit H. GREEN, Chairman 
Sicmunp I. HAMMER 

H. B. PEacock 

SIDNEY SCHAFER 

ROBERT J. WATSON 


Subcommittee on Transla- 
tion of Russian 
Publications 


IRWIN RoMAN, Chairman 
EuGENE M. McNatt 
Pavut P, REICHERTZ 


Reviews 


FRANKLYN K. Levin, 
Chairman 

W. T. Born 

Tuomas A. ELKINS 

W. W. Garvin 

Sicmunp I, HAMMER 

CuwaNn-CHANG LEE 

Joun E. 

Cart H. Savit 

V. VACQUIER 

James E. WHITE 


Geophysical Activity 


H. G. Patrick, Chairman 
KENNETH L. 

R. J. CopELAND 

HERBERT Hoover, Jr. 
SANTOS FIGUEROA HuERTA 
C. N. Hurry 

C. C. Lister 

L. R. TuCKER 
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Safety 
To be appointed. 


Mining Geophysics 
C. Hotmer, Chairman 
KENNETH L, Cook 
H. V. W. Dononoo 
WALTER E, HErnricus, JR. 
LERoy SCHARON 
R. Maurice Tripp 
STANLEY H. 


Case Histories 
Dave P. CaRLtTon, Chairman 


Mining Case Histories 
H. LeRoy Scuaron, Editor 


Constitution and Bylaws 
W. M. Rust, Jr., Chairman 
Cecit H. GREEN 
W. W. Harpy 
Lyons 
L. L. NETTLETON 


Membership in American 
Institute of Physics 


Norman H. Ricker, Liaison 
Member 


Research 


W. T. Born, Chairman 
F. G. BoucHER 

J. M. CRAWFORD 

C. Hewitt Dix 

C. H. GREEN 

joun C. HOLLIsTER 
L. L. NETTLETON 

T. J. O7DONNELL 

A. L. PARRACK 

R. A. PETERSON 
DANIEL SILVERMAN 
Noyes D. Smitu, JR. 
R. R. THompson 

J. E. Waite 

J. P. Woops 


Subcommittee on Thesis 
Study 


L. L. NETTLETON, Chairman 
C. H. GREEN 
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Subcommittee on Rice 
Symposium 
Noyes D. Sairu, Jr., 
Chairman 
C. Hewitt Dix 
L. L. NETTLETON 
R. A. PETERSON 
A. L. PARRACK 


Index of Wells 
V. U. Gaituer, Chairman 


Magnetic Recording 

J. D. SKELTON, Chairman 
KeitH R. BEEMAN 
RoLanpD F. BEERS 
K. E. Burc 
J. D. E1ster 
GLENN M. GROSJEAN 
J. E. HAWKINS 

. M. LAWRENCE 


A. PETERSON 
. B. TIcKELL 
. A. VAN MELLE 
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Magnetic Recording Sub- 
committee on Definitions 
& Measurement 

L. W. Eratu, Chairman 

R. A. ARNETT 

FRANK COKER 

J. M. CUNNINGHAM 

J. J. DuRAPav 

F, J. FEAGIN 

H. R. FRANK 

RoGER HARLAN 

R. W. KELLEY 

L. B. McManis 

R. C. Moopy 


Geophysical Society of Tulsa 
Chartered February 2, 1948 
Frank Searcy, pres. 
T. S. Green, v-pres. 
F. R. Kittredge, 2nd 0-pres. 
P. M. McNally, éreas. 
R. L. Frossard, editor 
S. E. Giulio, secty. The Carter Oil 
Co., Box 801, Tulsa 2, Okla. 
Meetings: Monthly, 2nd Thursday, 
7:00 P.M., meeting only, Univer- 
sity of Tulsa, room 224, Petroleum 
Science Hall 


Geophysical Society of Houston 


Chartered February 14, 1948 

G. P. Montgomery, Jr., pres. 

J. M. Wilson, 1st v-pres. 

C. C. Sellers, 2nd v-pres. 

J. P. Pascall, treas. 

E. J. Marti, secty. Union Oil Co. of 
Calif., Prudential Bldg., 
Houston, Texas 

— Monthly, Noon luncheon 

($1.65), Rice Hotel 
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Magnetic Recording 
Subcommittee on 
Recorder Characteristics 


S. KauFrMAN, Chairman 
A. L. PARRACK 


American Geologica! 
Institute Directors 


R. C. Jr. (’58) 
Roy F. BENNETT (’59) 


AGI Glossary 


R. A. GEYER, Chairman 
L. W. Brau 

D. S. HuGHES 

Paut L. Lyons 

L. L. NETTLETON 

D. C. SKEELS 

I. A. VAN WEELDEN 

J. Tuzo Wi1son 


AGI Committee on 
Licensing 


A. E. McKay, SEG MEMBER 


Business Office 


CraiG Chairman 
James F. JoHNSON 
FRANK E. Brown 


National Research Counci! 
Div’n of Earth Sciences 
Representative 


R. D. WycKkorr 


AAAS Council 
Representative 


RoLanpD F. BEERs 


LOCAL SECTIONS 


Pacific Coast Section SEG 
Chartered April 12, 1948 
Dean Walling, pres 
Robert B. Moran, Jr., »-pres., S.D. 
James A. Kurfess, »-pres., N.D. 
Robert D. Brace, secty. Std. Oil 
Co. of Calit., P.O. Box 278, Oil- 
dale, California 
Meetings: Monthly, 2nd Thursday, 
Noon luncheon ($2.00), Biltmore 
Hotel, Los Angeles 


Dallas Geophysical Society 
Chartered August 7, 1948 

Martin C. Kelsey, pres. 

ohn A. Cathey, ist v-pres. 
m. C. Wooley, 2nd v-pres. 

Mark K. Smith, Jr., secty. Geo- 
physical Service, Inc., P.O. Box 
45084, Airlawn Station, Dallas 35, 

exas 


Monthly, 


Science Building, Southern Meth- 
odist University 


usually 2nd 
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Radioactive Mineral 
Exploration 


BEN F. RUMMERFIELD, 
Chairman 

E. R. Gorpon 

A. J. Hintze 

Joun C. HOLLisTER 

F. H. LAHEE 

Paut L. Lyons 

L. W. MacNAuGHTON 

Joun MASTERS 

A. Garcia Royas 

Stan. L. ROSE 


SEG Committee on IGY 
L. Lyons, Chairman 


Publicity and Public 
Relations 
Bart W. SorGe, Chairman 
Sam W. ALLEN, JR. 
G. A. BOLLINGER 
J. M. CocHRANE 
S. R. Faust 
STANLEY E. Grurio 
J. A. HALL 
GLENN R. Harris 
B. A. Hemt 
D. T. McCrEARY 
W. H. Newton 
M. L. PucH 
G. A. Rousset 
H. B. SmiTHWwIckK 
J. C. WATERMAN 
Ray H. WRIGHT 
W. C. WooLEey 


Sustaining Membership 


L. O. SEAMAN, Chairman 
C. W. PAYNE 


Fort Worth Geophysical Society 
Chartered August 7, 1948 
C J. Long, pres. 
O. A. Strange, »-pres. 
D. T. McCreary, secty. The Texas 
Co., Box 1720, Fort Worth, Texas 
Meetings: Monthly, 4th Monday, 
ae luncheon ($1.50), Texas 
ote! 


Ark-La-Tex Geophysical Society 
Chartered March 12, 1949 

C. P. Bragg, pres. 

Bill C. Tucker, 9-pres. 

S. T. Spradlin, secty. The Ohio Oil 
Company, P.O. Box 1129, Shreve- 
port Louisiana 

Meetings: Monthly, last Monday, 
Noon luncheon ($1.50), Captain 
Shreve Hotel, Shreveport 


Permian Basin Geophysical Society 
Chartered January 30, 1950 
B Owi 


ings, pres. 
R. A. Baile, rst o-pres. 


» 


J. E. Clark, 2nd v-pres. 

M. Armstrong, reas. 
. L. Hake, secty, Box 1o18, Mid 
‘land, Texas 

Meetings: Monthly, 2nd Tuesday 
7:30 P.m, free coffee & donuts, 
Midland Women’s Club, Midland, 
Texas 


Denver Geophysical Society 
Chartered May 19, 1950 

R. C. Kendall, pres. 

J. E Thompson, v-pres. 

A. W. Black, secty. Continental Oil 
Company, 1041 Continental Oil 
Building, Denver 2, Colorado 

Meetings: Monthly, 1st Monday, 
Noon luncheon ($2.35). Petroleum 
Club, Denver 


Canadian SEG 


Chartered January 24, 1952 
George J. Blundun, pres. 
John Fuller, v- pres. 
Lorne H. Reed, secty. Universal 
Seismic Surveys, Ltd., 223 14th 
St. N.W. , Calgary, Alberta 


Meetings: Monthly, no set schedule 
Society of Oklahoma 
ity 


Chartered September 30, 1952 

W. B. Robinson, pres. 

G. E. Anderson, 1st 0-pres. 

R. H. Peacock, 2nd 0-pres. 

C. L. Howell, treas. 

H. R. DeVinna, secty. Central Ex- 
ploration Co., 13 NE 28th, Okla. 
City, Okla. 

Meetings: Monthly, 2nd or 3rd 
Monday. Time and place to be 
announc 


Casper Geophysical Society 
Chartered May 23, 1953 


Dupree McGrady, pres. 
A. C. Austin, 2-pres. 


Colorado School of Mines Society of 
Student Geophysicists 


Ernest Berkman, secty. Department 
of Geophysics, Colorado School of 
Mines, Golden, Colorado 

Meetings: Monthly, 2nd Monday, 
4:00 P.M, 


Geophysical Society of Saint Louis 

University 

Wm _ Reeves, secty. Saint Louis 
University, 3621 Olive Street, 
St. Louis 8, Missouri 

Meetings: Monthly, 2nd Wednesday 
7:30 P.M., meeting only, Institute 
of Technology 


SEG Houston Student Section 


Reed B. Kubena, secty. Box 6527, 
Houston, Texas 
Meetings: to be announced 
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R. L. Billings, secty. Forest Oil 
Corp., 254 N, Center St., Casper, 
Wyoming 

Meetings: Monthly, 1st Monday, 
7:00 P.M., dinner ($2.75), Town- 
send Hotel, Casper, Wyoming 


Geophysical Society of South Texas 
Chartered November 9, 1953 

Wm. R. Gray, pres. 

Wm. Harry Mayne, 2-pres. 

Jack W. E. Edmonson, secty treas. 
713 First Nat'l Bank Bidg.. San 
Antonio 5, Texas 

Meetings: tst and 3rd Wednesdays, 
Noon luncheon, Sommers Cafe 
teria, Main Plaza, San Antonio 


Southeastern Geophysical Scciety 
Chartered April 1, 1954 
Merrill Smith, pres 
Wm G. Hazen, 0-pres. 
John W. Texter, Gulf Refining 
Company, Box 1590, New Orleans 
11, Louisiana 
Meetings: Monthly, 3rd Monday, 
Noon luncheon ($1.50), St. 
Charles Hotel, New Orleans 


Montana Geophysical Society 
Chartered April 12, 1954 
Thomas C. King, pres. 
Ward T. Langstroth, 1st v-pres 
A, J. Newton, 2nd v-pres 
N. L, Hull, secty-treas. Mobil Pro- 
ducing Company, P.O. Box 2548 
Billings, Montana 
Meetings: Monthly, 2nd Monday, 
7:30 P.M., Billings Petroleum Club 


Jackson Geophysical Society 
May 12, 1955 
WV. J. Robinson, pres. 
C. Cole, 2-pres. 
&. MacGregor, secly. The Cali- 
fornia Company, Box 2606, Jack- 
son, Mississippi. 


STUDENT SOCIETIES AFFILIATED 


University of Toronto Geophysical 
iety 
John E. Hogg, secty. 49 St. George 
Street, Toronto 5. Ontario 
Meetings: Bi-weekly, alternate 
Thursdays, 4:00 P.M. 49 St. 
George Street 


University of Tulsa Student Geo- 
physical Society 
Hugh Hayes, secly. Department of 
Geophysics, 600 South College, 
Tulsa, Oklahoma 
Meetings: Weekly, Thursday, 4:00 
p.m., Petroleum Science Bldg. 


Trans-Pecos Student Section 
John T. Sample, Jr., secty. Box 56 
Texas Western College, El Paso, 
Texas 
Meetings: to be announced 


Meetings: Monthly, during 3rd week, 
5:30 P.M., refreshments, 6:30 P.M, 
dinner ($2.00), Roof Garden of 
Robert E. Lee Hotel, Jackson. 
Mississippi 


Southwest Louisiana Geophysical! 
Society 


Chartered January 4, 1956 
Lawrence N. Ott, pres 
Neal Clayton, rst v-pres 
G. E. Tilley, 2nd v-pre 
James M. Moore, secty. Skelly Oil 
Company, Lafayette, Louisiana 
Meetings: to be announced 


Utah Geophysical Society 
Chartered October 29, 1956 
J. R. Cheney, tres 
R. J. Lacy, rst v-pres. 
D. E. Smith, 2nd v-pres. 
E. W. Morris, secty. General Petro 
leum Corporation, 53 East 4th 
South, Salt Lake City, Utah 


Dakota Geophysical Society 
To be chartered 

W. E. Phillips, pres 

Hugh McCain, 1st 0-pres. 

Quin Hayes, 2nd v-pres. 

R. R. Phair, secty. Roundup Powder 
Company, Box 452, Bismarck, 
North Dakota 

Meetings: Monthly, rst Friday. 7:30 
P.u., Petroleum Club, Prince 
Hotel, Bismarck, North Dakota 


New Mexico Geophysical Society 
Chartered September 18, 1957 
J. C. Eley, pres. 
F. A. Grimm, 1st 0-pres. 
W. P. Scaife, 2nd v-pres. 
R. V. Smith, secty. Shell Oil Com 
pany, 905 South Plains Park 
Drive, Roswell, New Mexico 


Pennsylvania State University Geo- 
physical Society 
Wm. R. England, secty. College of 
Mineral Industries, University 
Park, Pa. 
Meetings: to be announced 


University of Utah Geophysical 
Society 


Harry D. Narans, Jr. secty. College 
of Mines and Mineral Industries. 
Salt Lake City 1, Utah 

Meetings: Monthly. 1st Thursday 
Noon, Mines Building. Other 
special meetings to be announced 


A & M College of Texas Student 
Geophysical Society 
Edward C. Hanson III, secty Geol 
logy and geophysics dept., A&M 
College of Texas, College Station, 
Texas 
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MEMBERSHIP APPLICATIONS RECEIVED 


Applications for active membership have been received from the following candidates. This pub- 
lication does not constitute an election but places the names before the membership at large, in 
accordance with Bylaws, Article III, Section 4. References are listed in parentheses following the 
name of each candidate. If any member has information bearing on the qualifications of these candi- 
dates he should send it to the president within thirty days. 


APPLICATIONS FOR ACTIVE MEMBERSHIP 


W. H. Audley (Stefan Von Croy, T. J. Thomas, D. F. Jewell, Jr., V. L. Jones) 

James W. Black (E. G. Schempf, K. A. Robertson, E. E. Conant, J. A. Riendl) 

G. J. Bowers (R. T. Penny, A. D. Dunlap, S. A. White, C. H. Broussard) 

Jack H. Carlisle (J. T. Murphy, Jr., T. L. Jones, C. H. Hightower, M. S. Hathaway) 
W. A. Chmilar (R. F. Keller, J. W. Grimes, T. O. Hall, Chester Sappington) 

James P. Denniston (B. B. Strange, C. W. Dick, N. P. Cramer, C. F. Neill) 

E. F. Drake (D. H. Parry, Donald McIvor, H. O. Kimmel, M. C. Woodard) 

Michel T. Halbouty (E. Joe Shimek, Lloyd Paitson, Hart Brown) 

D. C. Harding (M. C. Woodard, D. H. Parry, H. O. Kimell, D. K. McIvor) 

Fred A. Hildenbrand (Hugh McCain, Jr., O. C. Clifford, Jr., C. H. Hightower) 

Lucien LaCoste (L. L. Nettleton, Fred Romberg, Neal Smith, Paul Thompson) 
William R. Mais (W. J. Harkey, B. J. Sorrells, Jack G. Harrell, J. H. Frasher) 

Albert L. McCahan (Sigmund Hammer, Sam Worden, Lucien LaCoste, H. A. Ackerman) 
F. W. Mitchell (Homer Rutherford, Carl E. Moses, Lloyd A. Harris, Victor R. Gallagher) 
J. K. Morrison (A. E. Pallister, S. A. Mouritsen, C. A. Willner, E. Lipsett) 

John E. Nafe (Maurice Ewing, J. Lamar Worzel, Charles L. Drake, Bruce C. Heezen) 
Joseph J. Perry (E. J. Grivetti, S. W. Allen, L. E. Whitehead, V. U. Gaither) 

William Lee Schilling (Neil Mann, Clark Allen, Mr. Littlefield) 


Craig Adams Tips (R. E. Rettger, Ilya A. Mamantov, Joseph W. Thornton, J. A. Waller, Jr.) 
Robert C. Treadwell (R. Q. Foote, H. F. Patterson, D. V. Van Siclen, F. E. Wright) 
L. W. Williams (R. F. Thyer, K. R. Vale, J. C. Dooley, R. J. de Groot) 


APPLICATIONS FOR TRANSFER TO ACTIVE MEMBERSHIP 


J. A. Blackwell, Jr. (J. R. McMahan, Jr., W. J. Fennessy, Calvin Percy, H. J. Noble) 
Maurice O. Bledsoe (J. P. Garner, P. E. Roberts, H. C. Moore) 

R. W. Broyles (R. L. Nelson, W. C. Wagner, Erik Thomsen, John R. Foster) 
Henry F. Filson (F. B. Smith, W. L. Homan, G. A. Grimm, A. W. Pogue) 

Rex Golson, Jr. (B. B. Hughson, W. L. Kroger, O. G. Holekamp, G. H. Samuels) 
Charles R. Harwood (Fred Gillig, J. J. Rupnik, J. R. Maxey, A. K. Orr, Jr.) 

J. Richard Hunt (H. E. Itten, R. A. Baile, J. Lee Davis, O. A. Strange) 

Ralph H. Jones (W. W. Clark, W. H. Dawson, J. T. Williams, F. L. Mitchell) 
Robert E. Kemp (A. G. Starr, F. H. McGowan, R. E. Watson, W. W. Andrews) 
A. C. Kitzman, Jr. (W. J. Harkey, B. J. Sorrells, J. H. Frasher, W. R. Mitchell) 
William V. Knight (D. Lee Brooks, John L. Care, C. H. Wallace, Max S. Houston) 
Ernest J. Malovich (Cecil H. Green, R. C. Dunlap, Jr., K. E. Burg, Paul Hodge) 
R. K. Moyse (G. J. Blundun, G. R. Haun, E. T. Cook) 

Robert L. Nelson (Virgil W. Teufel, Karl Dyk, W. A. Matthews, M. B. Widess) 

A. C. Reinhardt (D. T. McCreary, B. L. Bass, B. R. Callender) 

Allen M. Rugg, Jr. (Walter E. Heinrichs, H. E. Itten, C. C. Lister, R. A. Peterson) 
William A. Sax (Ernest J. Marti, Paul C. Reed, M. L. Benke, A. C. Yokubaitus) 
H. C. Spence, Jr. (Paul Lyons, S. K. Van Steenbergh, C. S. Wolston, Perry Love) 
C. Grant Thompson (George R. Jones, C. M. Moore, Jr., E. A. Kiesler, T. A. Halbrook) 
Don Tocher (Perry Byerly, Maurice Ewing, Frank Press) 

Robert L. Wallace (E. L. Ricketts, W. W. Daly, J. W. Bell, Jr., A. V. Hargis) 
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SOCIETY OF EXPLORATION GEOPHYSICISTS 
Functions and Organization 


When the present Executive Committee took office during the Council meeting in Dallas, Texas, 
November 10, 1957, it was found that, under pervious administrations and following rigorously the 
Constitution and By-laws of the Society, thirty-one separate committees were appointed by the 
President and reported directly to him. Previous administrations recognized this as an onerous con- 
dition and had made studies of the problem. Mr. R. C. Dunlap, Jr., Prior Past President, presented 
the incoming Executive Committee with the results of this study and a suggested plan of functional 
organization. These have been most useful to the Executive Committee. Its debt to Mr. Dunlap is 
gratefully acknowledged. 

With constitutional instructions in mind, the President, with the approval of the Executive 
Committee, has established a new organizational form for the Society. It is shown on the accompany- 
ing plate. Under each of the officers certain functions are listed and under most functions certain 
projects are listed. The officer to whom the function is assigned will be responsible. In effectuating 
such responsibility he may appoint a chairman for each function. The committee chairman so ap- 
pointed will in turn appoint as many members to the committee as are necessary for efficiency and 
control. Similarly the committee chairman for a function may decide that certain projects thereunder 
require special committee action. He will appoint a chairman for the project who in turn will appoint 
such additional members as needed. 

A project chairman reports to a function chairman or to the officer responsible. A function chair- 
man reports to the officer responsible. The lines of responsibility and communication are thus clearly 
established. 

The major intent is to provide the Society with functional responsibility by the officers. One 
aim has been to relieve the Past President of many time-consuming chores and to make him the expe- 
rienced adviser to the rest of the Executive Committee. This continuum between past administrations 
and the present is of great importance. 

The Vice-President is charged with over-all responsibility for (1) the annual meeting of the 
Society, (2) such technical service functions to the membership as regional meetings, distinguished 
lectures, safety and mining geophysics, and (3) our Society relations with other societies of corre- 
sponding interests and aims. 

The Secretary-Treasurer is charged with over-all responsibility for (1) the administration of the 
business office, (2) the Society’s relations with the general public, (3) developing and maintaining the 
Society’s membership, and (4) the financial condition and records of the Society. 

The Editor is charged with over-all responsibility for (1) all publications of the Society, present 
and future, (2) for the research and development activities of the Society. The latter responsibility 
has been placed with the Editor because (1) he is usually better qualified technically than the other 
officers, (2) these functions provide an excellent source of material for publication, and (3) the term 
of office is for two years which produces a more favorable time climate for this type endeavor. 

The implementation of the SEG Scholarship Fund sometime during the current year will be 
placed as a Society function under the direct supervision of the President. Until the Society has expe- 
rience in the administration of this Trust it is impractical to attempt determination of its structure 
and organization. It is certain, however, with Mr. Cecil H. Green as Chairman (1958) of the Board 
of Trustees and Mr. Frank Goldstone (1959) and Mr. Hugh M. Thralls (1960) completing the board, 
that the direction which this important function takes will be determined with perspicacity. 

The Executive Committee has concluded that the affairs of the Society have grown so large and 
expanded in so many directions that there is a real need for an additional Vice-President. The Consti- 
tution and By-laws Committee has been instructed to prepare the necessary amendments for submit- 
tal to the Council and membership. If approved by the membership, it is probable that the new 
Vice-President would be charged with responsibility for inter-Society Affairs, the SEG Scholarship 
Fund, and possibly one other function. 

The organization here presented has some obvious incongruities which are remedial with experi- 
ence. (Should the Student Essay Contest awards be made by the Student Membership or the Honors 
and Awards function?) It is intended as a pattern for growth. The Executive Committee believes 
that it will evolve into an organization form which will continue to promote efficient growth and serv- 
ice to the membership of the Society and to the public. 
O. C. Ciirrorp, Jr., President 


January 13, 1958 
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COMMITTEE CHAIRMEN 


FOR THE 


TWENTY-SEVENTH ANNUAL MEETING 
SOCIETY OF EXPLORATION GEOPHYSICISTS 


E. O. VETTER 
Texas Instruments Inc. 
Finance and Vice 
Chairman 


HOWARD L. COBB 


The Atlantic Refining Co. 


Registration 


JACK L. HOLLIS 
British American Oil 
Prod. Co. 
Arrangements 


GLENN M. CONKLIN 


Sun Oil Company 
Technical Program 


MARTIN C. KELSEY 
Rayflex Exploration Co. 
Entertainment 


MRS. R. A. STEHR 
Ladies’ Program 


CHARLES J. DEEGAN 
Petroleum Consultant 
Publicity 


O. C. CLIFFORD, JR. 
The Atlantic Refining Co. 
Housing 


JOHN A. CATHEY 
Seaboard Oil Company 
Exhibits 


JOHN W. WILSON 
Geophysical Service Inc." 
Publications 
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TWENTY-SEVENTH ANNUAL MEETING COMMITTEES 


Technical Program 
General Session 
Glenn M. Conklin, 

Chairman 
F. J. Agnich, Vice 
Chairman 
John P. Woods 
E. F. McMullin 
H. M. Thralls 
F. E. Romberg 
B. W. Sorge 
John Bemrose 
Richard Brewer 
Weldon Crawford 
T. H. Tillman 
R. H. Hopkins 
J. C. Spiers 
Ben Rummerfield 
J. E. Thompson 
W. E. Allen 
Frank Owings 
Carl McKeever 


Research Session 

Cecil H. Green, Chair- 
man 

W. T. Born 

C. H. Dix 

P. M. Hurley 

R. G. Piety 

R. R. Thompson 


GENERAL CHAIRMAN: F. J. AGNICH 


Mining Session 
Ralph Holmer, Chair- 
man 
R. Maurice Tripp 
K. L. Cook 
H. V. W. Donohoo 
Walter E. Heinrichs, 


Jr. 
Stanley H. Ward 
H. Leroy Scharon 


Exhibits 
John Cathey, 
Chai 


rman 

J. E. Miller, Jr., Vice 
Chairman 

Jack Wallner 


Entertainment 


Martin C. Kelsey, 
Chairman 


Social Hours 


J. Frank Rollins, 
Chairman 

Harold K. Herr 

S. L. Vencil 

E. E. Van Petten 

Royce H. Echols 

E. R. Loyd, Jr. 


Dance 
Tom Prickett, Jr., 
Chairman 
E. J. Jasinski 
E. J. Toomey 
John K. Godbey 
W. J. Harkey 


Tours 


G. J. Kohler 
R. W. Anderson 
Pierson Ralph 


Publications 


John Wilson, 
Chairman 


Finance 
E. O. Vetter, Chair- 


man 
R. W. Anderson, Vice 
irman 


Registration 
Howard L. Cobb, 
Chairman 
Kingsland Arnold, 
Vice Chairman 
Lawson Dailey 
Peter Embree 
Ronald N. Gsell 


Ernest Kiesler 

Grace McVeigh 

Ted Manning 

Joseph Thornton 

Catherine Hughes, 
Chairman for Desk 
and Derrick Club 


Publicity 
Charles J. Deegan, 
Chairman 


Arrangements 
Jack L. Hollis, Chair- 


man 

W. H. Speckhard, Vice 
Chairman 

Frank Troseth 

E. L. DeLoach 

R. H. Andrews 


Housing 
O. C. Clifford, Jr., 
Chairman 
M. S. Hathaway 
John A. Lester 


Ladies’ Program 
Mrs. Raymond A. 
Stehr, Chairman 
Mrs. Chester J. Don- 
nally, Vice Chair- 

man 
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Registration Hospitality Entertainment Tea and Mineral 


Mrs. E. J. Toomey, Mrs. Don E. Feray, Mrs. C. H. Hightower, Exhibit 
Chairman Chairman Chairman Mrs. E. J. Toomey, 

Miss Grace McVeigh Mrs. T. S. Napier Chairman 

Mrs. Anthony Folger Mrs. O. C. Clifford, 


Tickets Publicity and Luncheon and Style on Chester J. Don- 


Mrs. E. L. DeLoach, Program Show nally 
Chairman Mrs. Holland C. Mc- Mrs. W. W. Newton, 
Mrs. R. H. Andrews Carver, Chairman Chairman 


Homes Tour and Tea 

Mrs. W. Dow Hamm, 
Chairman 

Mrs. Melvin M. Garrett 

Mrs. George H. Norton 


MEETINGS 


TWENTY-SEVENTH ANNUAL MEETING 
Statler-Hilton Hotel, Dallas, Texas 
November 11-14, 1957 


Dallas members of the society made all arrangements for the 27th Annual Meeting, and did so 
with the efficiency and finesse that have become traditional in their city. F. J. Agnich, general chair- 
man, directed the efforts of ten committees on which 89 individuals served. All the committees en- 
joyed the complete cooperation of the Statler-Hilton staff; John P. Bounds & Son, decorators; Dallas 
Transfer and Terminal Co.; the Convention Bureau of the Dallas Chamber of Commerce; and others 
whose professional services were engaged. Particular mention is due Mr. Hal Copeland, public rela- 
tions counsel, who assisted C. J. Deegan in obtaining excellent press coverage for the meeting. 


Statistics: 


A total of 1,519 registered, of whom 1,338 paid the $5.00 fee. The 181 non-paying guests included 
117 exhibits personnel and 64 students and honored guests. Also 505 wives of delegates were regis- 
tered, bringing to 2,024 the total registered attendance. 


Program: 


Abstracts of the 32 general papers, ro research papers and 7 mining papers appear elsewhere in 
this issue of Geopnysics. The sessions opened at 1:30 Monday afternoon, November 11, and closed 
at 4:30 Thursday afternoon, November 14. Research papers were presented Tuesday afternoon and 
Wednesday morning in sessions running concurrently with the general sessions. A special concurrent 
session on mining geophysics was held Thursday morning and followed by the annual mining lunch- 
eon. As a special event of the meeting the Dallas Geophysical Society presented a panel discussion, 
“Finding Oil Tomorrow,’’ featuring W. Dow Hamm, Henry C. Cortes, Eugene McDermott, and 
J. P. Woods. R. Maurice Tripp was moderator. 

The opening session featured the Presidential Address, “Exploration Geophysics—1957,” by 
Roy F. Bennett. The traditional AAPG Address was given by Graham B. Moody, President of The 
American Association of Petroleum Geologists, and was entitled “Petroleum Reserves in the United 
States.’ Invited papers on the International Geophysical Year were given by J. Wallace Joyce, head 
of the Office for the International Geophysical Year, National Science Foundation; J. Tuzo Wilson, 
Vice President of the International Union of Geodesy and Geophysics; and Paul L. Lyons, past presi- 
dent of SEG and Chairman of the society’s Committee on IGY. In addition, several foreign papers 
were presented, in keeping with the meeting theme, “World Wide Exploration.” 
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Surprising interest by delegates engaged in applications of the science was shown by the large 
attendance at the Research Sessions. This concurrent schedule had been arranged at the request of 
several research geophysicists to enable presentation of basic research subjects to a restricted audi- 
ence. Working under the SEG Research Committee, Cecil H. Green arranged the program which was 
the first of its kind conducted during an annual meeting. Its success assures the repetition of such ses- 
sions during future meetings. 

H. LeRoy Scharon was mainly responsible for the session on mining geophysics, and local ar- 
rangements were made by R. Maurice Tripp. Because most of the mining areas discussed are located 
far from Dallas, the authors and audience for this session travelled great distances to attend. However, 
the session was well-attended, and about 50 were present for the Mining Luncheon. 


Annual Business Meeting: 


The Annual Report, which appears in the 1957 YEARBOOK, was distributed in preprint form to all 
registered delegates. During the opening session President Roy F. Bennett asked for comments on the 
reports and recommendations of the committees, and reviewed the actions by the Council. The 
Annual Report was accepted unanimously by those present. Mr. Bennett then introduced the new 
officers: O. C. Clifford, Jr., President; Ben. F Rummerfield, Vice President; Howard E. Itten, Secre- 
tary-Treasurer; and L. Y. Faust, Editor. * 


Social Functions: 

At the close of the technical sessions on Monday, Tuesday and Wednesday social hours open to 
all delegates were held. In his report Martin C. Kelsey, Entertainment Chairman, said “These social 
hours were planned with the following specific goals in mind: 1. To furnish additional opportunity for 
general mixing by those attending the convention. 2. To furnish a daily social gathering. 3. To reduce 
the effect of scattering to various bars . . . and hospitality rooms at the end of the technical sessions. 
4. To furnish a convenient meeting place for individuals or groups who had plans to get together after 
the technical sessions. 5. To furnish an opportunity for those not having definite plans for the evening 
to contact others with whom they could make such plans.” 

A total of 80 companies participated in the sponsorship of the social hours. 

The Annual Dance was held on Wednesday night, with music by Shep Fields and his orchestra. 
It was attended by 619 persons. The entertainment committee also conducted four tours of geophys- 
ical laboratories in Dallas. On Monday 46 went on the tour of the Magnolia Field Research Labora- 
tories. On Tuesday 32 visited The Atlantic Refining Co. Laboratories. Texas Instruments Inc. enter- 
tained 48 on Wednesday and 22 on Thursday. 


Awards: 

The society’s highest award, Honorary Membership, was received by Maurice Ewing, who 
became the twelfth geophysicist so honored. The citation was made by J. C. Karcher, himself an 
Honorary Member. The Best Paper Award was presented by President Bennett to R.N. Jolly for his 
paper, “Investigation of Shear Waves,” which appeared in Gropnysics, v. 21, p. 905-938. The 
Annual Student Essay Contest was won by Joseph Goetz, who was present to receive a check for 
$150 with the certificate presented by Richard Brewer, Chairman of the Student Membership Com- 
mittee. 


Exhibits: 

A total of 52 companies participated in the annual exhibit, cocupying 64 booths and areas on 
the mezzanine of the hotel and 2,000 square feet in a parking lot across the street. All exhibits were 
open to delegates from 9:00 A.M. to 6:00 P.M. each day of the meeting. Free exhibit space was 
provided The American Association of Petroleum Geologists. 
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Dr. Maurice Ewing (right) received the twelfth award of honorary membership from 
Dr. John C. Karcher, who presented the citation. 


R.N. Jolly (right) received the best paper award from President Roy F. Bennett. 
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Joseph Goetz received first prize in the student essay contest from Richard Brewer, 
Chairman of the Student Membership Committee. 


R. C. Dunlap, Jr. (right) received his presidential plaque from O. C. Clifford, Jr., President-Elect. 
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Roy F. Bennett (right) received his presidential plaque from O. C. Clifford, Jr., President-Elect. 


Newly-elected officers of the society: (Left to right) Ben F. Rummerfield, Vice-President; O. C. 
Clifford, Jr., President; Howard E. Itten, Secretary-Treasurer; and L. Y. Faust, Editor. 
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The Associate Editors held their first conference during the 27th Annual Meeting. Seated: (Left 
to right) Editor L. Y. Faust, E. J. Stulken, L. L. Nettleton, Irwin Roman, and J. C. Hollister; (stand- 
ing) Milton B. Dobrin, Editorial Assistant H. L. Farris, and Paul L. Lyons. 


E. J. P. Van der Linden, official delegate for the European Association of 
Exploration Geophysicists, brought greetings from EAEG. 
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Graham B. Moody, President of The American Association of Petroleum Geolo- 
gists, gave the traditional AAPG address. 


ABSTRACTS OF PAPERS PRESENTED OR READ BY TITLE AT THE 
TWENTY-SEVENTH ANNUAL MEETING 


Dattas, TEXAS, NOVEMBER II—14, 1957 
Exploration geophysics—1957 
Roy F. BENNETT 


For the complete paper see GEopuysics, this issue. 


Petroleum reserves in the United States 
GraHam B. Moopy 
No abstract of Dr. Moody’s paper was given. 
Research and progress in exploration 
Henry F. AND Curtis H. JOHNSON 
For the complete paper see GEOPHYSICS, this issue. 
The geophysical permit 
W. B. Browner, Jr. 


As geophysical exploration has increased in importance and has become more widely recognized 
as an important factor in the location of structures favorable for the accumulation of oil and gas, the 
courts have imposed commensurate legal responsiblity, making it more and more advisable to secure 
a proper and legally enforceable permit from the property owner. The unregulated prospecting by 
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seismic techniques has passed. Problems arising in connection with the securing of the permit and the 
avoidance of trespass are discussed. 
The scientific earth satellite 


J. WALLACE JoYcE 


The origin of the IGY earth satellite concept is described, and the roles played by the several 
international scientific unions and the national scientific groups in bringing this concept to a program- 
matic stage are shown. The present United States scientific satellite program is described, and the 
various aspects of the program presented, such as the rocket vehicle and its characteristics, the 
planned firing conditions, the various tracking techniques, and the planned scientific payloads. Em- 
phasis is placed on the latter point. A report on progress to date is included. 


The International Geophysical Year 


J. Tuzo Witson 


No abstract of Dr. Wilson’s paper was given. 


The International Geophysical Year 


Paut L. Lyons 


No abstract of Mr. Lyons’ paper was given. 


Finding cil with geophysics in French Africa 


PrerRRE MOUSSEL 


In the past five years a tremendous effort has been done by the French Government and oil com- 
panies to check the oil possibilities of the Western and Equatorial parts of Africa. Extensive recon- 
naissance surveys have been completed and some very interesting discoveries have been made follow- 
ing detailing. Contribution of geophysics to thses strikes is predominant. All techniques—gravity, 
magnetics, seismograph, and electrical—have been applied. Close cooperation with geology has given 
significant results. Figures on activity are given and special working conditions in both areas are 
described. 


The thermometer, a neglected geophysical instrument 


Paut WEAVER 


No abstract of Mr. Weaver’s paper was given. 


Seismic exploration in the Gulf of Suez 


PreRRE MASSON AND F. J. AGNICH 


For the complete paper see GEOPHYSICS, this issue. 


Some technical aspects of seismic prospecting in the Sahara 


M. PreucHoT AND HENRI RICHARD 


At the beginning of the exploration of the Sahara, reflection seismic work met very difficult con- 
ditions. The results ranged from poor to “no-record”’ and their cost was exceedingly high. Since 1953, 
improvements have been achieved, and an effective and relatively economical method has been set 
up. The main characteristics of seismic prospecting in the Sahara are described. 
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Regional gravity and magnetic investigations in Turkey 
S. DrKER 


Up to 1955 various detailed gravity surveys were carried out by M.T.A. (Mineral Research and 
Exploration Institute, Ankara, Turkey) in the South and Southeast of Turkey, over an area of about 
6,000 square miles. During 1955 and 1956, as part of a general scheme to provide gravity and mag- 
netic maps of Turkey, additional gravity and magnetic surveys in Central Anatolia and in Thrace 
(European Turkey) covered an area of about 13,000 square miles in regional and about 4,000 square 
miles in details studies. The relation of the anomalies to regional geology is discussed and the thick- 
ness and structure of sedimentary section are estimated analytically. In general, the structural and 
sedimentary conditions are found favorable to the accumulation of oil. 


Experimental seismic work in Guatemala 
Henry H. NoGAmi 


Results of experimental studies in the Department of Peten, Guatemala, the first seismic work in 
Guatemala, are discussed. Seismic-surface and near-surface characteristics, and subsurface concepts 
as derived from seismic-surface measurements, are presented. It was determined that both positive 
and negative reflection response are present within the experimental area. The conclusion is reached 
that a large portion of the area of interest is conducive to seismic reflection surveys on a production 
basis. 


Seismic operations in Cuba and Jamaica 


Cart H. Savit 


Cuba and Jamaica, the westernmost islands of the Greater Antilles, comprise a zone of explora- 
tion of unparalleled variety. Sediments from lower Cretaceous to Miocene and Recent overlie a fan- 
tastically complex basement composed of a great variety of highly faulted and deformed metamorphic 
and igneous rocks. Among the situations encountered are near-surface cavernous limestones, reefs, 
multiple overthrust sheets, and even virtually undisturbed basins. Reflection quality ranges from 
excellent to “no-record.”’ Several geologic sections and seismic record sections are presented. 


Selection of new regions for overseas exploration 
W. E. WALLIS AND E. M. McNattT 


For the complete paper see GEOPHYSICS, this issue. 


Foreign exploration for traditionally domestic producing companies 


T. C. STAUFFER 


Presented is the reasoning that guides the decision of a company which has a background of only 
domestic production to enter into the highly competitive field of foreign exploration and production. 
The economics that contribute to the decision and the basic principles which dictate the location and 
selection of foreign exploration concessions will be discussed. 


Interdependence in world-wide oil exploration 
D. C. Ion 


For the complete paper see GEOPHYSICS, this issue. 
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Geophysics and geopolitics 


BeN F. RUMMERFIELD AND Paut L. Lyons 


A vast pool of technical ability and equipment is presently available for world-wide usage in dis- 
covering petroleum reserves. This commodity is highly perishable, and it primarily depends upon the 
proper incentive to survive. Whereas there is room for government-controlled exploration, the facts, 
based upon world-wide experience, give ten-to-one advantage to the operations of private enterprise. 
Bureaucracies by nature are not suited to the risk the aspect and tempo of the oil business. Unless 
world-wide exploration is properly stimulated by the withdrawal of political handicaps, domestic 
and foreign, not only will our technical assets wither but it is possible that world-wide oil and gas 
reserves themselves will be wasted by simply not being found. 


Orientation of personnel in global operations 


R. E. MCMILLEN 


The varied conditions that exist in global operations require a great deal of flexibility in the 
personnel assigned to such ventures. The problems that develop because of differences in language, 
religion, race, and mode of life are discussed. General orientation procedures that have been adopted 
by established international companies are considered. The effects upon personnel who undergo an 
established orientation procedure and upon those who enter a foreign venture “‘blind”’ are considered. 
Consideration is given to the outcome of ventures in various countries where companies were fully 
cognizant of the necessity of amiable integration of national and expatriate personnel. The importance 
of the mental attitude of personnel assigned to operations outside the United States is discussed. The 
advantages and disadvantages that result from an assignment in foreign ventures and the possible 
effects upon the individual are summarized. 


Logistics in foreign operations 


E. O. VETTER AND E. J. TOOMEY 


The many items that must be considered by a geophysical company in putting a field party into 
a distant and primitive area are enumerated and discussed. A typical time-table to be observed in 
fielding and supporting the party is presented. 


Case history of the Sojourner Oil Field, Haskell County, Texas: a geochemical 


confirmation 


WILLIAM R. RANSONE 


Petroleum accumulation at the Sojourner Field, Haskell County, Texas, was found in a Lower 
Pennsylvanian sand pinchout. The prospect was first recognized as anomalous on a reconnaissance 
geochemical survey, leased, and then detailed by reflections on the basis of which the discovery well 
was located. Since the field has been completely developed, the pre-discovery predictions of the geo- 
chemical and reflection surveys can be compared with the subsurface known from well data. Pertinent 
maps are shown and discussions of the local geology and field development are presented. 


The key variables in gravity intepretation 


FREDERICK E. ROMBERG 


The key variables in gravity interpretation are the magnitude, sign, sharpness, elongation, and 
resolution of gravity anomalies. These variables are determined by the depth, shape, separation, and 
density contrast of the geologic features which cause the anomalies. The relations between the two 
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sets of variables, gravity and geologic, are well known but are classified and compared for reference for 
different kinds of anomalies. Examples are offered to show where the inherent ambiguity of gravity 
sets the limits on deduction of geologic facts from gravity data. The effects of different vertical distri- 
butions of density on various types of gravity anomalies are computed and compared. 


Regional gravity survey in Northern Utah 
KENNETH L. CooK AND JOSEPH W. BERG, JR. 


During the past two years the Department of Geophysics of the University of Utah has made a 
regional gravity survey of the northern part of Utah as part of its long-range program to compile a 
regional gravity map of the entire state of Utah. This paper summarizes the results obtained to date 
in northern Utah which include the measurements taken in the waters and on the salt flats of the 
Great Salt Lake and in parts of the Great Salt Lake Desert. The surveyed area lies along the eastern 
part of the Basin and Range province. 

The gravity patterns correspond well with known Basin and Range faults and reveal many 
newly discovered faults of this type. Many Basin and Range fault blocks, varying in size, displace- 
ment, and attitude, have been delineated. The gravity indications of major faults along the margins of 
several mountain ranges lend support to the fault-block theory of mountain building in this part of the 
Basin and Range province. The Wasatch Mountains are shown to be a horst, as Gilbert believed. A 
great structural trench, about 150 miles long from Levan to Brigham City and beyond, lies immedi- 
ately west of the Wasatch block; it is interrupted in places by spurs of the Wasatch. Pertinent gravity 
features of the Oquirrh, Stansbury, Cedar, Simpson, and Dugway Ranges are briefly described. 

The gravity patterns also reflect both pre-Basin and Range orogenies and density contrasts within 
the basement complex. 


Offshore seismic exploration in the Caribbean 
Henry L. GRANT 


The Caribbean Sea is among the most interesting areas in the world to the geophysicist. To help 
solve the many geophysical, geological, and structural problems, field parties switch from reflection 
to refraction shooting on short notice. Special filters and AVC speeds are required. Record sections 
are an invaluable aid to interpretation of the complex structure of the region. Government permits 
and restrictions, severe weather, and inadequate port facilities and supplies are some of the opera- 
tional problems encountered. The known geology of the Antillean-Caribbean region, the size of the 
various continental shelves, and the geophysical challenges which have been met form the basis for 
extensive offshore activity in the Caribbean. 


An experimental investigation of factors affecting elastic wave velocities in porous 
media 


M. R. J. Wyute, A. R. Grecory, AND G. H. F. GARDNER 


An experimental investigation has been made of the factors which affect the velocity of elastic 
waves in porous media. It is shown that a previously-suggested time-average formula is of great utili- 
ty. The effects are examined of differential compacting pressures on the applicability of this formula 
to consolidated and unconsolidated rocks. It is shown that the time-average relationship cannot be 
applied to determine the porosity of carbonate rocks which are vugular and fractured. In such rocks, 
this circumstance may be advantageous because of the lithological information that may be obtained 
from an appropriate combination of velocity and neutron log data. The effects of oil and gas satura- 
tion on velocity have been examined experimentally and are found to be comparatively minor. The 
combination of velocity data with information from electric logs in order to locate zones of oil and 
gas saturation is shown to be generally valuable, particularly so when holes are drilled with oil base 
mud. Discussion is made of the possible effects on velocity measurements of the relative wettability 
of rock surfaces by water and hydrocarbons. 
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Notes on refinements in refraction technique, and adaplation to near-surface 


correclions 
H. L. MENDENHALL 


Conditions exist in the near surface rocks in many of the areas explored by the reflection seismo- 
graph that profoundly influence the travel time of the deeper reflections. These conditions exist at 
depths considerably below the depths of present-day economic drilling and quite often a measure of 
these effects is a prerequisite to the correct correlations. The salt problem of the western Anadarko 
Basin is an example of this problem and several other areas are postulated as examples. Refinements 
in the reversed inline refraction profiling technique are described which can be employed to solve these 


problems. 


Some seismic computational processes on the IBM Type 650 Computer 
Joun BEMROSE 


A technique is illustrated to obtain the coordinates of points on the envelope of a series of wave 
fronts which permits the conversion of seismic time profiles to migrated depth profiles through the 
use of a linear increase in velocity with depth. The method is especially applicable to record sections. 
The technique is extended to the conversion of a time contour map to the corresponding migrated 
depth contour map. The converse method is also demonstrated; that is, the conversion of depth pro- 
files into time profiles to illustrate the possibility of the development of multiple time branches which 
are obtainable from certain structural configurations. 


Art—the Midas touch to geophysics 
R. H. Hopkins 


Geophysics, although based on sound physical reasoning, does not always admit a unique answer 
to a given problem. Unknowns, such as hidden weathering, density contrasts, magnetic susceptibili- 
ties, etc., cause vague or incorrect answers. A partial remedy for this is the use of experience and com- 
mon sense. Knowing when to take a few liberties with theory, and knowing when to throw out some of 
the data can save many borderline jobs. 


The evolution of the geophone 
T. C. RicHarps 


The development of the geophone is traced from the seismoscopes of early times through the dis- 
placement mechanical seismometers to the velocity electrodynamic and pressure electrostrictive 
crystal or magnetostrictive transducers in use today. In exploration geophysics, the evolution of the 
geophone has benefited greatly from marked advances, especially after World War I and II, in 
metallurgy, electronics, and plastics which have resulted in the design of more and more efficient 
types for an increasing number of specialized requirements on land, at sea, in bore-holes, or in model 
experiments. Design trends foreseen include exepndable geophones, enclosing the geophone within 
the cable to eliminate individual planting, radio geophones for refraction surveying, and a greater 
development of the ceramic transducer. 


Resistivity well logging 
Joun A. MASTERS 
A method of obtaining reservoir characteristics by means of electrical measurements is described. 
The primary uses of resistivity logs—for correlation, for lithologic study and interpretation, and for 
qualitative and quantitative interpretation of reservoir characteristics—are presented, and the appli- 
cations of the various types of logs available now are discussed in detail. 
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Results of airborne magnetometer profile from Brownsville, Texas to Guatemala City 
W. B. Acocs 


An airborne magnetometer profile was obtained in the course of ferrying an aircraft from Browns- 
ville, Texas, to Guatemala City, Guatemala, via Tampico, Tuxpan, Veracruz, Tuxtla, Tapachula, 
and Tiquisate, a distance of slightly more than 1,000 miles. Depths to an igneous horizon along the 
line of profile vary, and these depth variations are shown for different points. It is pointed out that 
gross errors in depth determinations from the single profile may arise due to simplifying assumptions 
that the profile is transverse to magnetic trends, and that there is considerable elongation of the mag- 
netic anomalies. 


A novel approach to seismic trace synthesis 
L. H. BErryMAN, P. L. Gouprttaup, AND K. H. WATERS 


For the complete paper see GEOPHYSICS, this issue. 


Synthetic seismic reflection studies 


Howarp R. Breck, NoEL Frost, AnD S. W. SCHOELLHORN 


Synthetic reflection records derived from continuous velocity logs are of particular value in the 
identification of seismic reflecting horizons. Field techniques in shooting seismic prospects can be 
guided by synthetic record studies. Synthetic reflection studies promise to be the key to the seismic 
detection of stratigraphic traps. The character of a reflection is rarely determined by a single interface 
but rather by an interaction of a number of interfaces. Manifestations on the seismic record of pinch- 
outs, facies, and porosity changes are controlled by the intervals between the interfaces as well as 
by the velocity contrasts between the formations. Stratigraphic changes whose reflecting character- 
istics lie within the seismic frequency spectrum can be identified through use of synthetic seismo- 
grams. 

The seisverter 
EpWARD J. CROSSLAND AND JAMES E. HAWKINS 

A device for converting ordinary field seismograms into corrected magnetic tapes or directly into 
corrected variable density cross sections is described. Its capabilities for altering, filtering, mixing, 
and shot compositing, and its capabilities for applying weathering, elevation, and normal moveout 
corrections are presented. Tracking arrangement, magnetic tape and variable density film sizes and 
speeds, and provisions for correcting speed variations are described. 

Absorption of Rayleigh waves in low loss media 


FRANK PRESS AND JACK HEALY 


Many materials are characterized by internal dissipation parameter 1/Q<1. An expression is 
derived for such media relating to the Rayleigh wave absorption coefficient to compressional and 
shear wave absorption coefficients with the elastic velocities as parameters. Ultrasonic experiments 
are described in which the three absorption coefficients are measured in thin plexiglass sheets. The 
theoretically derived expression satisfactorily relates the observed absorption coefficients. 


An image analysis of multiple-boundary resistivity problems 
IRWIN RoMAN 


It is explained how the apparent resistivity of a space divided into regions by parallel planes can 
be determined. The strength of each image produced by a reflection is determined by the resistivities 
on the two sides of the boundary and the strength of the initiating image. The potential for a selected 
region is the sum of the potentials of all images contributing to it, including the original source as an 
image for its region. If the boundary planes are horizontal, reflection *; downward or upward, each 
reflection producing a supplement and a complement. An exterior image is not reflected, but an in- 
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terior image is reflected in the boundary of its region that did not produce it. In a sequence of reflec- 
tions, the region of the initiating image must be that of the original pole or that of the image produced 
by the preceding reflection. Accordingly, the images produced by each sequence of reflections can be 
traced and the various potentials determined. 


Physical properties of crustal materials as related to compressional wave velocities 


J. E. Narre C. L. DRAKE 


It has been shown previously that porosity, density, and the elastic constants of water-saturated 
sediments may be estimated fairly accurately from the measured velocity of compressional waves. 
New data are presented on the velocity-density relationship for sediments. Comparison with velocity- 
density data for igneous rocks indicates that a smoothly varying curve may be drawn which describes 
the velocity-density variation for a wide range of crustal materials. The usefulness of the curve for 
reconciling seismic refraction and gravity data is discussed. Measurements from seismic refraction 
data of the ratio of the velocity of compressional waves to shear waves and of Poisson’s ratio for 
crustal rocks are presented. Estimates of Poisson’s ratio from compressional velocity are compared 
with observational data. Thermal conductivity in sediments, known to be related to porosity, has 
been estimated for sediments of the East Coast Continental Shelf. Estimates are given for tempera- 
ture gradients in deep water sediments and those of the Continental Shelf. Previous evidence showing 
considerable differences in the velocity-depth curves for deep and shallow water sediments is com- 
pared with new data from various Atlantic Ocean areas and the Gulf of Mexico. 


Numerical solutions for Love wave dispersion on layered media 


James DorMAN 


The IBM 650 computer of the Watson Scientific Computing Laboratory, Columbia University, 
has been programmed to obtain numerical solutions for period equations of certain Love wave prob- 
lems. Solutions including higher modes for models of the continental and oceanic crust-mantle system 
are described. Normal crustal layering may give rise to higher mode Airy phases which are sensitive 
to crustal structure. The manner in which the velocity and period of these phases vary with crustal 


model is shown. 


Computation of Cagniard’s integrals 


C. Hewitt Drx 


For the complete paper see GEopuysics, this issue. 


An analysis of automatic gain control 


Mark K., 


A theoretical analysis of automatic gain control is developed which conforms sufficiently well to 
experimental observations to allow its use to characterize AGC action. Results of the analysis are 
(1) a definition of AGC rate in db/sec handling capacity, (2) characterization of AGC in terms of 
response to the frequency content of the envelope of the seismic energy, (3) design criteria for one- 
and two-loop systems, and (4) characterization of AGC systems in terms of their general effect on 
amplitude contrasts in the seismic energy. 


Resonance modes in series-connected seismometers 


A. J. SERIFF 


Two similar seismometers connected in series with a load exhibit two independent or “normal” 
modes of motion. In the first mode the two coils move so that the voltages generated are almost 
equal and in phase, producing a large current in the circuit and considerable damping of the motion. 
This is the mode normally considered in designing the external damping circuit for series seismom- 
eters. In the second mode the coils move nearly 180 degrees out of phase, produce a relatively small 
current in the circuit, and, consequently, experience very little damping in addition to their open 
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circuit damping. Strong initial excitation of the mode can produce a sustained oscillation damaging 
to later parts of the seismic record. The usual mathematical description of this system, i.e., two har- 
monic oscillators coupled through their damping terms, readily yields expressions for the size and 
damping of the load current in the case of nearly identical seismometers with little internal damping. 
For nm seismometers in series, there are n—1 modes which may be poorly damped. Results similar 
to those for two seismometers may be obtained; the solutions, however, are more complicated. 


Transmission of pulses through plates 
A. S. GinzBuRG 


A rigorous solution based on the method of L. Cagniard has been obtained for the transmission 
of a pulse from a point source of pressure in a fluid through a solid plate imbedded in the fluid. On 
the normal from the source to the plate the pressure response is given by a closed form expression 
requiring no integration. Numerical results agree in essential features with experiment. The formal 
solution can be expressed in terms of reflection and transmission coefficients for compressional and 
shear waves at the two boundaries. In this form the solution is easily generalized to a many-layer 
problem. 


Reflections from multiple transition layers 
L. H. BerryMan, P. L. GouprLLaup, AND K. H. WATERS 


For the complete paper see GEOPHYSICS, this issue. 


Transient behavior of patierns 
J. E. 


For the complete paper see the January, 1958, issue of GEOPHYSICS. 


A high radiometric anomaly caused by fallout, and its decay 
J. O. Parr, Jr. 


A large and intense radiometric anomaly, probably attributable to fallout, is described. The maxi- 
mum gamma radiation was 25 times the normal radiation. Radiation in excess of five times normal 
was observed over an area of one hundred square miles. The extent of the anomaly was correlated 
with rainfall prior to the initial readings. Deposition of radioactive material was restricted to the top 
surface only. Four successive runs of the same traverse over a period of nearly a year show cumulative 
decay of the anomalous readings to substantially normal. 


Geophysical measurements over ancieni channels 
R. A. BLACK AND FRANK FRISCHKNECHT 


Although seismic measurements have been successfully used to delineate the depths, trends, and 
configurations of potential uranium-bearing ancient channels in Monument Valley, it was believed 
that velocity inversion, where the Monitor Butte member of the Chinle formation overlies the Shina- 
rump member of the Chinle, would restrict use of the method to areas where there is no Monitor Butte 
cover. Measurements over known channels, however, where Monitor Butte overlies the Shinarump, 
indicate that in places in Monument Valley relative delay-time curves can be used to obtain informa- 
tion about channel trends and configurations, although absolute depths cannot be obtained without 
drill-hole control. In places where refracting horizons within the channels tend to make location of 
the actual channel difficult, electrical methods can be used to reveal the buried channel. Of the vari- 
ous electrical methods, the standard resistivity techniques are usually the most reliable for locating 
buried channels. Potential-drop-ratio and electromagnetic methods, however, are faster than con- 
ventional resistivity methods, and in some places they may give better results. An integrated seismic 
refraction and electrical resistivity exploration program supplemented by potential-drop-ratio or 
electromagnetic methods is probably the best geophysical approach to the problem of tracing and 
delineating buried channels. 
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An application of the seismic refraction method to a mining exploration problem 
R. J. GRAEBNER, R. A. ANDERSON, AND B. E. BINKLEY 


A seismic refraction survey was conducted on a mining prospect adjacent to and overlapping a 
producing lead-zinc mine near Metaline Falls, Washington. The results of the survey served to extend 
the information provided by core holes relative to the depth and attitude of an interface marking 
the transition from a shale to a limestone section. The sought-for lead-zine ore body occurs in this 
transition zone at depths ranging from 500 to 2,000 feet below the surface. The complex faulting asso- 
ciated with this interface required unusually careful attention in the placement of shot point and 
seismometer positions in order to be able to record data which could be interpreted in terms of geo- 
logic structure. Accuracy requirements necessitated the making of measurements of time delays pro- 
duced by the mantle of glacial drift which overlay the prospect in varying degrees of thickness. 
Refraction arrivals were recorded on a continuous series of profiles with seismometers placed on the 
surface. Interpretation of the refraction time-distance curves proceeded by describing the refracting 
interface and prominent fault discontinuities by means of drawing tangent lines to aplanatic curves 
constructed in each profile plane. 


Surface and underground gravity survey of the North Leadwood Mine Area, 
Leadwood, Missouri 
S. T. ALGERMISSEN 


A surface gravity survey consisting of 214 stations covering approximately four sq. miles was 
conducted over and adjacent to the North Leadwood Mine at Leadwood, Missouri. A corresponding 
survey of 278 stations was carried out in the mine workings. A method of reducing underground 
gravity observations is outlined. The accuracy of corrections for the effects of surface topography 
and mined-out areas on underground stations is discussed. The principal factor limiting the accuracy 
of the underground observation is given. Methods for determining rock densities are described. A 
comparison of the surface and underground gravity maps shows that major Precambrian knobs were 
revealed by both surveys. Smaller structures not shown on the surface map were revealed by the 
underground survey. Anomalous density areas between the level of the two surveys were easily 
located. 


Electrical properties of synthetic metalliferous ores 
Rosert B. McEvEn, Joseru W. BERG, JR., AND KENNETH L, Cook 


Nearly one hundred small cores of synthetic metalliferous ores were constructed from glass balls, 
lead shot, and refractory cement. The porosity was controlled by adjusting the pressure under which 
the cores were packed. Cores with 10 to 20 percent porosity were obtained for each of nine frame types. 
The apparent resistance of these cores as functions of frequency and current density was measured 
on a modified Wheatstone bridge. The low-frequency effects of induced polarization were separated 
from over-all decrease of impedance with increase of frequency by taking advantage of the dependence 
of these effects upon current density. 


Determination of body parameters of a magnetic inclined dike 
Norman R. PATERSON AND C, W. FAESSLER 
No abstract of this paper was given. 


A pplication of geophysics to the northern territory of Australia 
D. W. SMELLIE 


Geophysical prospecting has been carried out for some 22 years in the Northern Territory of 
Australia and in addition certain information of a regional geophysical nature has been obtained. 
With a climate varying from arid to tropical, conditions, such as depth of weathering, change, and 
these make for consequent changes in the applicability of geophysical methods. Magnetic, radiomet- 
ric, electromagnetic, and self-potential methods have been successful in the discovery of ore. Airborne 
magnetic and scintillometer and ground gravity surveys have yielded useful structural information. 
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COMMITTEE ON MAGNETIC RECORDING 


RECOMMENDATIONS REGARDING STANDARD MAGNETIC RECORDER 
SPECIFICATIONS 
On November 14, 1957, the SEG special Magnetic Recording Committee met in conference at 
Dallas. In this meeting three recommendations regarding the standardization of magnetic recorder 
specifications were unanimously agreed upon by the members present. These recommendations are : 


1. The committee recommends with regard to specifications not specifically mentioned in the 
following recommendations, that new magnetic recording systems should not deviate, without 
significant technical purpose, from dominant existing systems. 

. The Committee recommends tape surface speeds (between the recording heads and recording 
medium) of 3.59, 3-75, 7-50, and 15.00 inches per second, calling attention to the last three 
speeds having the advantage of integral ratios. 

. The Committee recommends that recording track spacings (center to center) be integral 
multiples of 1/16 inch with a strong preference for spacings of } and } inch. 


It is the opinion of the committee members that these recommendations will greatly facilitate 
more standardization of geophysical type magnetic tape apparatus. The particular track spacings 
and tape speeds were selected by taking into consideration the following factors: 


1. The parameters of the dominant most prevalent existing tape machines were considered. 
2. Care was taken to make the recommended specifications broad enough to allow the develop- 
ment of new and unique tape apparatus. 
. Recommended parameters were chosen to conform as much as possible with the accepted 
specifications of standard audio industry magnetic tape recorders. 


The Magnetic Recording Committee is only an advisory body and can in no way enforce its 
recommendations. It is hoped, however, that equipment manufacturers and users will voluntarily 
accept these recommendations and aid in putting them into effect. A greater degree of standardization 
along the lines suggested will ultimately provide many advantages and flexibility to all those building 
or using tape machines. It should be pointed out that these recommendations in no way condemn 
existing apparatus having different specifications. The proposed uniform specifications are merely 
suggested parameters for future apparatus designs and should ultimately lead to more uniformity of 
magnetic recorders. 

The committee members present at this meeting were: Messrs. K. R. Beeman, F. H. Kennedy 
(alternate for R. F. Beers), Fred A. Brock (alternate for K. E. Burg), J. R. Cooper (alternate for J. D. 
Ester), James M. Cunningham (alternate for G. M. Grojean), G. B. Loper, E. B. Tickell, F. S. 
Kramer (alternate for R. A. Peterson), J. D. Skelton, R. R. Thompson, F. A. Van Melle. Also present 
were Messrs. S. Kaufman and A. L. Parrack of the Subcommittee on Recorder Characteristics. Com- 
mittee members absent were Messrs. J. E. Hawkins and K. M. Lawrence. 

J. D. Skatton, Chairman 
Magnetic Recording Committee 
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NOMINEES FOR 1958-1959 EXECUTIVE COMMITTEE 


The following biographical sketches are presented to acquaint members of the Society with 
nominees appearing on the official ballot which will be mailed to all active members in good standing 
in June. Bylaws Article VII, Section 4, provides that “Prior to June 1, nominations in writing, signed 
by at least twenty honorary members or active members in good standing and accompanied by the 
written consent of the candidate, may be submitted to the president.” 


E. V. McCo.tum, candidate for President, received his 
A.B. degree in 1925 and his M.S. degree in 1926, both from 
the University of Oklahoma. He was employed by the Mar- 
land Oil Company from June, 1926, until July, 1929, and 
by Continental Oil Company as control geophysicist from 
July, 1929, until May, 1939. He was employed by the Mott 
Smith Corporation as chief geophysicist from May, 19309, 
until September, 1943. Since 1943 he has been associated 
with E. V. McCollum and Company, gravity and magnetic 
contractors. He is a member of the American Physical So- 
ciety, the American Geophysical Union, the Seismological 
Society of America, the Tulsa Geological Society, and the 
Society of Exploration Geophysicists. He served as Secre- 
tary-Treasurer of the Society of Exploration Geophysicists 
for the year 1948-1949. He served on the Council of the 
Tulsa Geological Society in 1951-1952, as District Repre- 
sentative of the Geophysical Society of Tulsa 1952-1954, E. V. McCottum 
member of the SEG Business Office Committee 1953-1954, 

and was the Editor of The Proceedings of the Geophysical Society of Tulsa in 1955. 


Bart W. Sorce, a candidate for President, received an 
A.B. degree in physics from the University of California at 
Los Angeles in 1933. He did post graduate work in physics, 
also at U.C.L.A., receiving an M.A. degree in 1934. 

Upon graduation, his geophysical experience began 
with Rieber Laboratories as a development engineer, and 
later as a geophysical observer, party manager, and party 
chief. 

In 1938 he joined the United Geophysical Corporation, 
serving as development engineer, computer, and party chief 
until 1943. At that time he became geophysical supervisor 
of United’s western operations. In 1947 he was elected a 
Vice-President of the Company, and in 1958 the President. 

Mr. Sorge is a member of the Society of Exploration 
Geophysicists and the American Association of Petroleum 
Geologists and their Pacific Coast sections. He served the 
SEG as Secretary-Treasurer 1953-1954, initiating the Pro- 
cedure Manual which now governs many of the Society’s 
functions. He was a member of the Society’s Safety Committee 1951-1956 (its chairman 1951-1953), 
the Membership Committee 1954-1957 (its chairman 1954-1955), and he has been a member of the 
Radio Facilities Committee since 1948. As chairman of the Society’s Public Relations Committee 
since 1955, he has been instrumental in promoting the success of the Society’s scholarship program, 
and he is presently chairman of the Special Committee for the Establishment of the Society’s Scholar- 
ship Foundation. 


Bart W. SorGE 
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F. J. AGNnicu, a candidate for Vice-President, is the 

President of Geophysical Service Inc. He was born July 19, 

1913, at Eveleth, Minnesota, He attended Eveleth Junior 

College 1932 to 1934 and entered the University of Minne- 

sota in 1935, receiving his Bachelor of Arts degree in Geol- 

ogy there in 1937. In 1936 and 1937 he worked as a Junior 

Engineer for the Minnesota Division of State Parks, and 

joined GSI in 1937 as a Helper-Permit Man. Mr. Agnich 

was later promoted to Computer and held that position on 

GSI field parties operating in the United States, Venezuela, 

India, and Sumatra from 1937 to 1943. He was appointed a 

party chief in 1943 and was made supervisor in 1947. He 

served as supervisor in Texas and the Rocky Mountain 

area until he was named to the position of Executive Vice- 

President in 1951. On January 1, 1956, he succeeded Cecil 

H. Green as President of Geophysical Service Inc. upon Mr. 

F. J. AGNICH Green’s appointment as Chairman of the Board. He is a 
member of the Board of Directors and of the Executive 

Committee of Texas Instruments Incorporated. 

Papers published by Mr. Agnich include one for Gropuysics published in October, 1949, en- 
titled “Geophysical Exploration for Limestone Reefs.’’ He has published two articles in World Oil 
magazine, the first entitled “Primary Seismic Evidence of Limestone Reefs,” appeared in the Sep- 
tember, 1950, issue, and another in the April, 1955 issue entitled “Geophysical Instrumentation Is 
Making Rapid Progress.” In 1955 he appeared before the World Petroleum Congress in Rome and 
gave a paper describing techniques of exploring for reefs by geophysical methods. In conjunction with 
C. Flittie of the Arabian American Oil Company, Mr. Agnich presented a paper on geophysical opera- 
tions in Saudi Arabia at the 1955 meeting of the SEG in New York, and in conjunction with Pierre 
A. A. H. Masson of Petrofina presented a paper on seismic exploration in the Gulf of Suez at the 1957 
meeting of the SEG in Dallas. 

Throughout his professional career Mr. Agnich has been active in SEG work. He has served as 
Chairman of the Standing Committee on Student Membership and is presently a member of that 
committee. Mr. Agnich recently served as General Chairman of the SEG 27th Annual Meeting held 
in Dallas in November, 1957. 

He is a member of the SEG and the AAPG, the Dallas Geological Society and the Dallas Geo- 
physical Society. He is also a member of the American Management Association and is active in the 
Dallas Chamber of Commerce and the North Dallas Chamber of Commerce. Mr. Agnich is presently 
on the Board of Advisors for the Dallas Pilot Institute for the Deaf. Since 1950 he has served as presi- 
dent of the Dallas chapter of the University of Minnesota Alumni Association and has taken a very 
active part in encouraging the activities of that group in the Dallas-Fort Worth area. 

Mr. Agnich is married and the father of three boys. 
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M. Erpaut, candidate for Vice-President, 
received the Bachelor of Science degree in geology from 
the University of Minnesota in 1931, and the Master of 
Science degree from Michigan College of Mining and Tech- 
nology in 1932. Following his employment as a research as- 
sistant at Michigan College of Mining and Technology and 
as chemist and engineer for the Indiana State Highway 
Commission, he was employed by The Carter Oil Company 
in 1937 on a seismograph field party in Illinois. He remained 
with this firm for over six years, filling the various positions 
on seismograph crews operating in Illinois, Kansas, Nebras- 
ka, Oklahoma, Mississippi and New Zealand. In February, 
1944, he was employed as geophysicist by the Skelly Oil 
Company in Tulsa, and he is presently Chief Geophysicist 
of this firm. 

He is a past Treasurer, Vice-President and President 
of the Geophysical Society of Tulsa. He was elected to the 
post of District Representative on the SEG Council for a 


two year term, 1957—59. He is now serving as General Chairman for the Eleventh Annual Midwestern 
Exploration meeting to be held in Tulsa, April 17 and 18, 1958. He has served as Chairman of the 
SEG Committee of Tellers in 1956 and 1957. In 1955 he served as Exhibits Chairman for the 25th 
Annual Meeting in Denver, and in 1953 he served on the Registration Committee for the 7th Annual 


Midwestern Exploration Meeting in Dallas. 


Mr. Erdahl is a member of the Society of Exploration Geophysicists, Geophysical Society of 
Tulsa, Tulsa Geological Society, and Sigma Gamma Epsilon. 


physical Society. 


Rospert Dyk 


In addition to SEG and the other societies in which he 
has held office as mentioned above, Mr. Dyk is a member of AAPG and the Rocky Mountain Associ- 
ation of Geologists, and he is an Honorary Life Member of the Colorado School of Mines Student 


Section of SEG. 
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Rosert Dyk, a candidate for Secretary-Treasurer, was 
born in Gloversville, New York, on January 5, rg10. 

In 1933 he graduated from the University of California 
at Berkeley with the A.B. degree in geology. 

From 1936 to 1947, he was with the Western Geophys- 
ical Company. From 1947 to 1951, he was the Geophysical 
Supervisor of the California Operations of the General 
Petroleum Corporation. From 1951 to 1957, he was located 
in Denver as the Midcontinent Division Manager of Geo- 
physical Service Inc. Since 1957 he has been the Chief Geo- 
physicist of the Tidewater Oil Company in San Francisco. 

In SEG, he was a member of the Public Relations Com- 
mittee from 1952 to 1954. In 1955, he was the General 
Chairman of the 25th Annual Meeting in Denver. In 1950- 
1951 he was President of the Pacific Coast Section of SEG. 
And in 1952-1953 he was President of the Denver Geo- 


M. ErDAHL 
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KENNETH R. WELLS, a candidate for Secretary-Treas- 
urer, began his higher education at the University of Wy- 
oming in 1930 in the school of Business Administration. 
He transferred to the Chadron State Normal College in 
1932 and continued in the school of Arts and Sciences until 
1934. At that time he joined a Western Geophysical Com- 
pany field party as a field helper. After a few months of 
field work he was transferred into the field office. He joined 
General Geophysical Company when it was formed in 1935 
and has continued with that company. He was promoted to 
a party chief in 1936, a supervisor in 1944, and to Vice- 
President in 1953, the position he now holds. 

During the time he was assigned to a field party, he 
did work in the Rocky Mountain, Midcontinent, and the 
Gulf Coastal areas of the United States. In 1944 he settled 
in Jackson, Mississippi, as a resident supervisor. From this 
base he supervised work in the southeastern United States. 
He moved the headquarters to New Orleans in 1954. 

Mr. Wells is an active member of the Society of Exploration Geophysicists, Southeastern Geo- 
physical Society, New Orleans Geological Society, and he was a member of the Jackson Geological 
Society while a resident there. He is a member of the Kappa Sigma fraternity. He has served as a 
representative from the Southeastern Geophysical Society, and he was General Chairman for the 
national Convention in New Orleans in 1956. 


KENNETH R. WELLS 


ANNOUNCEMENTS 
SEISMIC DATA IMPORT PROBLEM REFERRED TO AGI 


In response to several requests for help from the SEG, BEN F. RUMMERFIELD, Vice-President of 
the Society, surveyed 25 petroleum and contract companies to learn their experiences regarding the 
United States duty on imported seismic records and other data. The survey revealed the following 
situation: 


1. No general policy has been established by our Customs Bureau. 

2. Values and duties are arbitrarily established by each Customs agent. 

3. No two ports of entry handle imported seismic data in the same manner. 

4. The import of seismic data to the U. S. is expected to increase considerably in the next few years. 


Mr. Rummerfield has submitted the results of his survey to the American Geological Institute 
with a request that the AGI see what can be done about solving this problem. 

Any member of SEG having further information or suggestions bearing on this subject is re- 
quested to communicate with Mr. Rummerfield c/o Century Geophysical Corporation, 503 Jenkins 
Building, Tulsa 3. 


TWENTY-EIGHTH ANNUAL INTERNATIONAL MEETING 
PROGRAM PLANS UNDER WAY 


July 10, 1958, is the deadline for submittal of papers for the 28th Annual International Meeting 
of the SEG, scheduled for October 13-16, 1958 at the Municipal Auditorium in San Antonio, Texas. 
J. O. Parr, Jr., Program Chairman, has advised that any member desiring to present a paper at this 
meeting must submit an abstract with the title prior to that date. The material may be sent direct 
to Mr. Parr, at 202 Janis Rae, San Antonio, or through any of the following members of the program 
committee: 
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R. B. Pratt (Vice-Chairman), Petty Geophysical Engineering Co., Box 2061, San Antonio 6, Texas. 
A. C. Austin, The Ohio Oil Co., Box 120, Casper, Wyo. 

W. T. Born, Geophysical Research Corp., 136 Mohawk Blvd., Tulsa, Okla. 

B. B. Burroucus, Sunray-Mid Continent Oil Co., 323 Market St., Shreveport, La. 

M. B. Dorin, Triad Oil Co., 735 7th Ave., S. W., Calgary, Alta., Canada. 

FrED Forwarb, Phillips Petroleum Co., Box 3540, West Jackson, Miss. 

SicmuND HAMMER, Gulf Research & Development Co., Drawer 2038, Pittsburgh 30, Pa. 

A. W. MusGRAVE, Magnolia Petroleum Co., Box 900, Dallas 1, Texas. 

F. R. REEvEs, Mobil Producing Co., Box 1753, Billings, Montana. 

F. A. Roserts, The Carter Oil Co., Classen Terrace Bldg., Oklahoma City 6, Okla. 

W. M. Rust, Jr., Humble Oil & Refining Co., 5672 Sugar Hill, Houston 19, Texas. 

O. A. STRANGE, The Pure Oil Co., Box 2107, Fort Worth 1, Texas. 

J. J. ScHNEDER, JR., Sohio Petroleum Co., Box 1090, Lafayette, La. 

J. E. Wuire, Jr., The Ohio Oil Co., Box 269, Littleton, Colo. 

FurMAN Grim, Humble Oil & Refining Co., Box 1289, Roswell, N. M. 

Rosert G. VAN NosTRAND, P.R.E.P.A., 11, Quai de Seine, LaFrette (Seine-et-Oise), France. 


Research session: 

Authors of papers on highly technical subjects and basic research are invited to submit titles 
and abstracts to Cecit H. GREEN, Geophysical Service Inc., 100 Exchange Park North, Dallas 35, 
Texas. Dr. Green is again in charge of arrangements for the special research session which will run 
concurrently with the general sessions. 


Mining geophysics session: 

Special arrangements for a session on mining geophysics, tentatively scheduled for Monday 
afternoon, October 13, are being made by RALPH Hortmer, Bear Creek Mining Co., 516 Acoma St., 
Denver 4, Colo. Members engaged in mining geophysics are invited to submit their papers to Dr. 
Holmer. 


Instrumentation: 

Members who are chiefly concerned with the development of geophysical instruments are invited 
to submit papers on their work. Should a sufficient number of instrument papers be submitted, Mr. 
Parr advises that a special concurrent session will be arranged for those familiar with electronics and 
basic instrument design to hear new data. He said instrument papers will be carefully screened, and 
suggests they be submitted in full if possible. 


Theme: 


“Geophysical Frontiers—Today and Tomorrow” has been chosen as theme for the 28th Annual 
International Meeting. Under this broad heading the planners hope to present an outstanding pro- 
gram concerning not only world-wide geographic and geologic frontiers, but frontiers in research, 
instrumentation, and field engineering. Because papers on geophysical case histories are also being 
solicited, one committee member suggested “‘yesterday”’ be added to the theme title to indicate the 
need for re-evaluation of present geophysical data. 


Official announcements: 


The official mailed announcement, containing housing accommodation request forms, will be 
mailed to all SEG members about July 1, 1958. To assure the availability of hotel rooms for the meet- 
ing, the San Antonio hotels have set aside blocks of rooms especially for SEG delegates. Members, 
exhibitors, and guests are requested to refrain from applying for housing directly to the hotels; their 
requests must be submitted on the official SEG housing request form, and the hotels have been asked 
to refuse unauthorized applications for rooms that have been assigned to the SEG meeting. Ample 
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exhibit space is available in the Municipal Auditorium, and all regular SEG exhibitors will receive 
complete inf srmation during May, 1958. 


RESEARCH SESSION FOR THE 28TH ANNUAL MEETING 


The Research Session at the last annual meeting at Dallas (November 11-14, 1957) proved sucha 
successful experiment that it has now been decided by Weldon L. Crawford, General Chairman, and 
J. O. Parr, Jr., Technical Program Chairman, that a similar event will be included in the program for 
the next annual meeting in San Antonio, Texas, October 13-16, 1958. 

As in Dallas, this will comprise three half-day sessions operating simultaneously with the main 
technical program of the convention. Again, it is planned for this research session to feature theoretical 
and experimental studies rather than descriptions of instrumentation or operational situations. It is 
anticipated that there will be a generous time allowance per paper in order to provide a relaxed 
atmosphere as an extra stimulant to questions and discussion. 

Contributions are now being solicited. Titles and abstracts can be addressed to J. O. Parr, Jr. 
(202 Janis Rae, San Antonio, Texas) or directly to Cecil H. Green, chairman of the Research Session 
Subcommittee (c/o Geophysical Service Inc., Box 35084, Airlawn Station, Dallas 35, Texas). 


POST-SHOT YIELD MEASUREMENT OF AEC UNDERGROUND NUCLEAR TEST 


The following AEC communication has been received from William R. Thurston of the National 
Research Council: 


The Atomic Energy Commission has reported the resultant yield of the deep underground nuclear 
test conducted at the AEC Nevada Test Site in September 1957 as 1.7 kilotons. 

The shot was detonated at o9 hours 59 minutes 59.45 seconds Pacific Daylight Time (16:59: 59.45 
GCT) on September 19, 1957, at the end of a tunnel about 2000 feet long dug horizontally into the 
side of a mesa at the northern edge of the Yucca Basin. The explosion took place in a layer of volcanic 
tuff. The coordinates of the detonation point are: latitude 37 degrees 11 minutes and 44.8 seconds, 
longitude 116 degrees 12 minutes and 11.3 seconds, elevation 6615 feet above mean sea level. The 
vertical distance from the detonation point to the mesa surface is 899 feet, and the slant distance to 
the side of the mesa is approximately 800 feet. 

Post-shot investigation of the tunnel and surrounding area confirm that the explosion was con- 
tained and that no radioactive materials escaped into the surrounding air. A detailed study of the 
area and the local effects of the detonation is in progress. 


GEOPHYSICAL SCHOLARSHIPS IN CANADA 


The Canadian Society of Exploration Geophysicists announces that arrangements have been 
completed whereby the following new scholarship grants have been made available to students at- 
tending Canadian Universities. 

A grant of $350.00 per year made by Griffin Tank and Welding Service of Dallas, Texas, has 
been awarded to Queens University at Kingston, Ontario. This scholarship will be made available to 
a 2nd year student in geophysics. 

Continental Explosives Ltd. of Valleyview, Alberta, have supplied a scholarship fund of $1050.00 
annually, to be awarded to three western Universities in amounts of $350.00 each as follows: Uni- 
versity of Alberta, University of Saskatchewan and the University of Western Ontario. These scholar- 
ships will be available to 2nd year students in Physics and/or Geology. 

These four new scholarships bring the total to nine which have been sponsored by the C.S.E.G. 
Previously established scholarships include three provided by the Seismic Service Supply Co. of 
Edmonton and two provided by Herb. J. Hawthorne Inc. of Houston, Texas. 

The Seismic Service Supply Co. grant of $1050.00 annually has been awarded in amounts of 
$350.00 each to the University of British Columbia, the University of Alberta, and the University 
of Saskatchewan. These scholarships are to be given to qualifying students in the field of Education. 

The Herb. J. Hawthorne scholarships of $350.00 each have been established at the University of 
Alberta and the University of Western Ontario and are awarded to 2nd year students in the field of 
Geophysics. 
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The purpose of these scholarships is to stimulate interest in Geophysics and to make it possible 
for more students to undertake a University course in the subject. The C.S.E.G. wishes to express its 
appreciation to the donors for making funds available and joins with them in the hope that the pur- 
pose will be accomplished. 


IGY LECTURES BY THE CANADIAN SEG 


The Canadian Society of Exploration Geophysicists announces that a lecture program prepared 
and delivered by oil industry scientists is now underway in the Calgary Junior and Senior High 
Schools. 

The lecture series consists of three talks designed to acquaint the younger student with physical 
earth science. They are entitled “Basic Geophysics,” “The International Geophysical Year,’’ and 
“Geophysical Exploration for Oil.” Members of the C.S.E.G. committee responsible for the organiza- 
tion and preparation of this work are: Mr. H. J. Kidder, Chairman, Mobil Oil Company; Mr. Carl 
Chapman, Imperial Oil Ltd.; Mr. Ralph Ross, The British American Oil Co.; Dr. Milton Dobrin, 
Triad Oil Co. and Mr. George Blundun of Home Oil Co., who is President of the C.S.E.G. 

The lecture program started on January 6 of this year and to date some 1500 students have 
attended. The first lecture of the series has been delivered to nine different schools and the second 
lecture has been delivered at three schools. In all, there are 14 schools in Calgary at which all three 
talks will be given. Many members of the Society have volunteered their services and are now en- 
gaged in the delivery of the talks. 

The three lectures are also scheduled to be given before the Alberta Teachers Convention in 
Calgary on February 7. 

The C.S.E.G. wishes to express its appreciation of the assistance and co-operation received from 
the school principals and science teachers, who have helped to make this program a success. The 
Society also wishes to acknowledge the attention and co-operation of Mr. R. Warren, Superintendent 
of Schools, without whose help this program would have been impossible. 


NEW UNITED ENGINEERING CENTER 

Plans for a new $10,000,000 United Engineering Center to be erected on United Nations Plaza 
between 47th and 48th Streets, New York City, have been announced. 

The new building will serve as the headquarters of sixteen National Engineering Societies with a 
total membership of about one-quarter of a million engineers. 

The new building will replace the present Engineering Societies Building at 29 West 3oth Street 
which is now inadequate in view of the tremendous growth of technology since the building was first 
occupied 50 years ago. 


FIFTH WORLD PETROLEUM CONGRESS 


The latest developments in oil research, production, refining and distributive processes will be 
demonstrated in an exposition at New York’s Coliseum being staged during the Fifth World Petrole- 
um Congress in June, 1959. Exhibits will illustrate scientific advances which will be discussed at the 
various sessions of the six-day Congress, the first of its kind ever to be held in the United States. 

Present plans call for exhibits by manufacturers of equipment and materials used in drilling, refining 
and other primary productive processes, makers of equipment and instruments employed inresearch, 
analysis, testing and measurements and agencies engaged in the transportation of petroleum products. 
There is to be a symposium during the Congress on the utilization of nuclear energy in the oil industry 
and the exposition will include exhibits in this field of research. 

The Congress will be all-embracing in scope. There will be seventy or eighty technical sessions 
which will be divided into the following nine sections: 1—geology and geophysics; 2—drilling and 
production; 3—oil processes and refining; 4—chemicals from petroleum and natural gas; 5s—com- 
position; analysis and testing; 6—utilization of petroleum products; 7—engineering, equipment and 
materials; 8—transportation, distribution, marketing and 9¢—operations research, statistics and edu- 
cation. It is expected that about 200 papers will be delivered by authors from all over the world, and 
there will be ensuing discussion from the floor. 
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NEW PUBLICATION FROM DALLAS 


The Dallas Geophysical Society and the Dallas Geological Society announce the publication by their 
Joint Activities Committee of The Geology and Geophysics of Cooke and Grayson Counties, Texas. The 
volume consists of 211 pages, and it contains 14 papers (with 49 illustrations) by 11 authors. The 
topics which these studies cover include regional geology and tectonics, history of discovery, develop- 
ment and production of principal fields, stratigraphic and sedimentary characteristics, regional grav- 
ity, and application of reflection seismograph. This publication is available from Henry C. Towiles, 
Jr., Dallas Geological Society, 6923 Snider Plaza, Dallas 5, Texas. Its price is $10.00. 


The Tidelands Exploration Company of Houston has just moved its offices and operating facili- 
ties to new headquarters at 9233 Westheimer Road in the building owned by the Tidelands Employees 
Trust. Announcement of the purchase and move was made by J. B. Ferguson, President of the firm. 


H. W. Straley, ITI, of the geological and geophysical engineering firm of H. W. Straley, Seneca 
Trail Building, Princeton, West Virginia, announces that the firm, formerly Johnson and Straley, 
has purchased the business and equipment of Research, formerly of Beckley, West Virginia. 


Expansion of the Continuous Velocity Logging facilities of the Seismograph Service Corp., Tulsa, 
has been announced by G. H. Westby, President. Mr. Westby said SSC has purchased three velocity 
logging units from Magnolia Petroleum Corporation’s geophysical department, bringing to 11 the 
total number of units operated domestically by SSC. 


Dr. Sidon Harris, President of the Southern Geophysical Company, has announced plans for the 
construction of a new group of buildings to house the company and to be located midway between 
Fort Worth and Dallas. 


On last February 20, the engineers and other technical men of Tulsa, as part of the Engineer’s 
Week program, sponsored a forum luncheon with the Tulsa Chamber of Commerce at which high 
school students interested in engineering and scientific careers were guests. The speaker was Mr. T. A. 
Abbott, Manager of Engineering Administration of the Standard Oil Company of Indiana. The pro- 
gram was designed to acquaint these students with the opportunities, rewards, and prerequisites of a 
technical career and to answer individual questions and offer suggestions regarding such items as the 
proper high school subjects for college preparation. This is the second successful project of this kind 
in Tulsa, and it is mentioned here because it is felt that the idea is timely enough and sound enough 
to be transmitted to the SEG membership as an illustration of what one community has been doing 
about a critical problem. 


Mr. P. E. Navarte, Past Chairman of the Standing Committee on Publicity, has compiled a list 
of motion picture films and slides pertaining to geophysical exploration and associated subjects, and 
he has forwarded a copy of this list to the publicity chairman of each local section. It is hoped that 
increasing use will be made of these films and slides; and for this Mr. Navarte’s contribution will be 
found quite useful. 
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PERSONAL ITEMS 


Rosert G. VAN NostrAnp is now Chief Geophysicist for the Société de Prospection et Exploita- 
tion Pétrolitre en Alsace (PREPA). His present address is tr, Quai de Seine La Frette (Seine-et- 
Oise), France. 

D. F. CooLsaucu has recently been appointed advisor in mineral technology by the Ford Foun- 
dation, and he is to be stationed in Burma. This position is being administered by the Dunwoody 
Industrial Institute for the Ford Foundation. Mr. Coolbaugh’s Burma address will be at the Govern- 
ment Technical Institute, Insein, Burma. 


R. is now associated with the Tidelands Geophysical Company, Lafayette, 
Louisiana. 


Marion A. ArtuurR has been elected Chairman of the Houston Section of the Institute of Radio 
Engineers for 1957-1958. Other SEG members who are members of the Executive Committee of the 
Houston IRE are: James P. ANTHONY, JR., RiIcHARD A. ARNETT, and ALAN D. WALDIE. 


M. D. Myers has resigned his position as Senior Geologist with the Pan American Petroleum 
Corporation, and he is now maintaining an office as a geological consultant at 1056 Claiborne Avenue, 
Jackson 9, Mississippi. 


The plaque pictured below is being given to all of the living Past Presidents of SEG and to the 
immediate families of those deceased. Three local societies (Tulsa, Dallas, and Houston) have made 
these awards to their members who have been SEG Presidents; and three plaques were presented at a 
recent exploration seminar at Pittsburgh. 
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C. W. SANDERS left for Paris, France last December 15 for a several months’ tour of consulting 
work. He expects to return to Houston in the early spring. 


Two executive appointments in affiliated companies have been announced by Geophysical 
Service Inc. G. J. Kouter, JR., has been appointed Vice-President of Geophysical Service Incorpo- 
rated for geophysical operations in Latin America. Ray H. Wricut has been named Vice-President 
of Geophysical Service International Corporation for Canadian Geophysical operations. Mr. Kohler 
is assigned to GSI’s headquarters at the Exchange Bank Building in Dallas. Mr. Wright directs the 
firm’s Canadian operations from offices in Calgary. 


Two supervisory appointments also have been announced by G.S.I. Ernest J. MALOVICH has 
assumed supervisory duties over GSI seismic field parties operating in India. He is maintaining 
headquarters in Calcutta. Joun C. UrEescu has assumed supervisory duties over several GSI parties 
operating in the southeastern area of the United States. Jackson, Mississippi, is his headquarters. 


Patrick E. HAGGERTY, Executive Vice-President of Texas Instruments Incorporated, has been 
elected a Fellow of the Institute of Radio Engineers by its Board of Directors. 


PAST PRESIDENTS RECEIVE PLAQUES IN PITTSBURGH 


R. D. Wyckoff (left) and Sigmund Hammer (center) received their presidential plaques from 
Leo J. Peters (right) during an exploration seminar held at the Gulf Research Center, Harmarville, 
Pa., February 19, 1958. Mr. Wyckoff served as president of SEG in 1943-1944. Dr. Hammer served 
in 1951-1952. Dr. E. A. Eckhardt, who served the 1939-1940 term, was unable to be present at the 
ceremony. 
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At a dinner meeting on February 17, 1958, of the Geophysical Society of Houston, Mr. Roy F. 
Bennett, the immediate Past President of SEG, presented presidential plaques to F. Goldstone 
(1942-1943), W. M. Rust, Jr. (1944-1945), L. L. Nettleton (1948-1949), and Roy L. Lay (1953-1954); 
and Mr. D. P. Carlton presented plaques to Paul Weaver (1932-1933), F. M. Kannenstine (1938- 


1939), and Mrs. Donald C. Barton, whose husband was the first President of the Society. Dr. 
L. W. Blau (1936-1937) could not be present to receive his plaque. In the picture, left to right, are: 
Seated, Mrs. Barton and Mr. Weaver; and standing, Mr. Lay, Dr. Nettleton, Dr. Rust, Mr. 
Goldstone, and Dr. Kannenstine. 


DALLAS PAST PRESIDENTS RECEIVE PLAQUES 
At a meeting of the Dallas Geophysical Society on February 10, 1958, the Presidents’ plaques 
were presented to (left to right) E. E. Rosaire (1934-35), J. C. Karcher (1937-38), H. B. Peacock 
(1941-42), Henry C. Cortes, Jr. for the late Henry C. Cortes (1945-46), Cecil H. Green (1947-48), 
and R. C. Dunlap, Jr. for Eugene McDermott (1933-34), who was ill and unable to attend the 
meeting. 


417 
| 


SOCIETY ROUND TABLE 


Past Presidents of SEG who reside in Tulsa were presented with their presidential plaques at a 
meeting of the Geophysical Society of Tulsa on January 9, 1958. Pictured from left to right are Paul 
L. Lyons (1954-55), W. T. Born (1940-1941), B. B. Weatherby (1935-1936), and Andrew Gilmour 


(1949-1950). 


Curtis H. Jounson, after a long stay in Europe, has returned to California and opened his office 
as a geophysical consultant. His address is 816 West Fifth Street, Los Angeles 17. 


K. W. Germonp, formerly of the Sinclair Canada Oil Company, has joined the Union Oil and 
Gas Corporation of Louisiana as Manager of Exploration in Western Canada. 


MARTIN EICHELBERGER, former geophysical supervisor with Geophysical Service Inc., has joined 
the staff of the Aero Service Corporation in Philadelphia. His position will be that of Geophysicist 
in the Airborne Geophysics Division. 


James E. LAw er, formerly with DeGolyer and MacNaughton, has opened a consulting office 
in Paris, and he is concerned primarily with seismic rework. His new Paris office address is 12, Rue 
Chabanais, Paris IT; and his residence is at 9, Avenue du Maréchal Franchet d’Esperey, Paris XVI. 


O. B. Hocker, of The Texas Company, has been named Division Manager of that company’s 
Rocky Mountain Division, and he will move from Houston to Denver. 


Tuomas R. Suucart is now the Exploration Manager of D. D. Feldman Oil and Gas in Dallas. 


BEN R. Howarp has joined the Republic Natural Gas Company of Dallas as Chief Geophysicist. 
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WutuiaM A. MATTHEWS, formerly geophysical technical supervisor with Pan American Petroleum 
Corp., is moving to New York City to be a geophysicist for Pan American’s recently-organized sub- 
sidiary, Pan American International Oil Co. 

Matthews came to Tulsa in mid-1955 to coordinate the geophysical phases of Pan American 
Petroleum’s operations in Cuba and Venezuela. For six years prior to that time, he had been division 
geophysical supervisor in the company’s Canadian division office in Calgary. 


Cart H. Savir, Western Geophysical Company, 523 West 6th Street, Los Angeles 14, would 
like to obtain copies of the following issues of GEOPHYSICS: v. 2, N. 4; V. 5, N. 4; V. 7, N. 2; V. 9, Nos. I 
& 3; v. 15, n. 2; v. 16, nos. 1-4; v. 17, nos. 1, 2, & 4. He offers the following numbers of GEopHysics 
in trade: v. 7, nos. 1, 3, & 4; v. 8, nos. 1 & 2; v. 10, nos. 1 & 3; v. 11, nos. 2, 3, & 4; v. 12, n. 4; v. 13, 
nos. 3 & 4; v. 15, N. 3; V. 17, N. 3; V. 18, N. 2. 


At the annual meeting of the directors of the Rayflex Exploration Company, the following officers 
were elected: M. C. Ketsey, President; E. F. McNututn, Vice-President; and J. F. Rois, 
Treasurer. HAROLD K. HERR was made Vice-President of Rayflex Explorations, Inc., a subsidiary 


operating in Latin America. 


CALENDAR OF MEETINGS 


Canadian Institue of Mining and Metallurgy, Annual General Meeting, Hotel Vancouver, 
Vancouver, B. C. 

American Institute of Mining, Metallurgical, and Petroleum Engineers, La.-Ark., East 
Texas and Miss. Petroleum Sections, Gas Technology Symposium, Shreveport, Louisiana 
Society of Exploration Geophysicists, Eleventh Annua] Midwestern Meeting, Tulsa, Okla- 
homa (Colin C. Campbell, Box 1536, Tulsa 1, Oklahoma) 

American Association of Petroleum Geologists, Rocky Mountain Section, Casper, Wyoming 
National Academy of Sciences (2101 Constitution Avenue, Washington 25, D.C.) 


American Physical Society, Washington, D.C. (K. K. Darrow, Columbia University, New 
York 27, New York) 

American Geophysical Union: Annual Meeting at the National Academy of Sciences 
(W. E. Smith, 1515 Massachusetts Avenue, N.W., Washington, D.C.) 

Acoustical Society of America, Shoreham Hotel, Washington, D.C. (Wallace Waterfall, 
335 East 45th Street, New York 17, New York) 


American Physical Society, Cornell University, Ithaca, New York (K. K. Darrow, Colum- 
bia University, New York 27, New York) 


13-16 Society of Exploration Geophysicists, 28th Annual International Meeting, Hotel Gunter, 


San Antonio, Texas (Colin C. Campbell, Box 1536, Tulsa 1, Oklahoma) 


1959 
March 
16-19 American Association of Petroleum Geologists—Society of Economic Paleontologists and 
Minerologists, National Convention, Memorial Auditorium, Dallas 
November 
9-12 Society of Exploration Geophysicists, 29th Annual International Meeting, Biltmore Hotel, 
Los Angeles, California (Colin C. Campbell, Box 1536, Tulsa 1, Oklahoma) 
1960 
November 
7-10 Society of Exploration Geophysicists, 30th Annual International Meeting, Moody Conven- 
tion Center, Galveston, Texas (Colin C. Campbell, Box 1536, Tulsa 1, Oklahoma) 
1961 
November 
5-9 Society of Exploration Geophysicists, 31st Annual International Meeting, Denver, Colora- 
do (Colin C. Campbell, Box 1536, Tulsa 1, Oklahoma) 
* * * * 
July 1, 1957 to December 31, 1958 
International Geophysical Year (Worldwide) vide GEopPuHysiIcs, v. 21, p. 257-259, and 
v. 21, p. 681-690 (H. Odishaw, National Academy of Sciences, Washington 25, D.C.) 


1958 
April 
14-16 

17-18 
17-18 
27-30 
| 
June 
Ig-2I 
October 

& 
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Order from: Economie Geology Publishing 
Company 
: pit) 105 Natural Resources Building 
Urbana, Ilinois 
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ENGINEERED SEISMIC SURVEYS 


R. D. Arnett C.G. McBurney J. H. Pernell 
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. . . for Willys, International, Chevrolet, 
GMC, Ford, Land Rover and other vehicles 
COMPLETE, READY-TO-INSTALL KING FRONT- 
MOUNT WINCH ASSEMBLIES FEATURE: 
Model A-11 King Winch on A-120 (4x4) all-wheel-drive e winch side arms to reinforce truck 
International truck.* frame 
bronze-bushed, 4-way cable guide 
rollers 
e cable drum guard 
e@ heavy-duty pipe bumper 
needle-bearing, universal-joint spline- 
shaft drive assembly 


e Timken bearings on worm 


Mode! CO-S116 King Winch on 1858 Chevrolet Model 31 
action where there’s no traction with 
dependable pulling power. King power 
winches have pulling capacities of 8,000 
to 19,000 Ibs. 


* King Winches for International trucks 
are available through International- 
Harvester dealers. 


Model 151) King Winch on Willys Jeep. 


Koenig Jeep cabs 
and King 
Winches for 
Willys vehicles 
are available 
through Willys 
Motors, Inc., and 
Willys-Overland Export 
Corp. distributors or 
dealers. Write for free 
descriptive literature. 


Full Cab and Model 151) King 
Winch Illustrated. 


KOENIG ALL-STEEL CABS HAVE THESE SUPERIOR 
FEATURES: 


e PROTECTION e SAFETY 
COMFORT CONVENIENCE 


Roll-down windows, full opening . . . full 
panel-board head lining and masonite door 
lining . . . safety glass throughout . . . all-steel 
welded construction . . . door locks. 


IRON WORKS, Inc. 


WEST 12th at ELLA BLVD. P. 0. BOX 7726 HOUSTON 7, TEXAS 
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GEOLOGY OF CALIFORNIA, by R. D. Reed (3d 
printing); 355 pp., 58 figs., 26 tables. Originally pub- 
lished in 1933. 


STRUCTURAL EVOLUTION OF SOUTHERN CALI- 
FORNIA, by R. D. Reed and J. S. Hollister (3d printing); 
157 pp., 57 figs., 14 photographs, tectonic map. Originally 
published in the Bulletin, Vol. 20, pp. 1529-1692, 1936. 


Both reprinted by photo-offset; cloth-bound together. 
To members $6.00 


WESTERN CANADA SEDIMENTARY BASIN—Ruth- 
erford Memorial Volume (2d printing); Symposium, 
edited by Leslie M. Clark, containing 30 papers on gen- 
eral geology, stratigraphy, structure, and oil and gas oc- 
currences in Western Canada. Originally published in 
1954. Reprinted from standing type. 


STRATIGRAPHY OF PLAINS OF SOUTHERN AL- 
BERTA—Dowling Memorial Volume (2d printing); Sym- 
posium, edited by Editorial Committee, Theodore A. 
Link, chairman, containing 14 papers principally on 
Mesozoic stratigraphy of southern Alberta. Originally 
published in the Bulletin, Vol. 15, No. 10, 1931; reprinted 
as special volume in 1931. Reprinted by photo-offset. 


Both cloth-bound together. To members $6.00. . . . $6.50 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 979, Tulsa 1, Oklahoma 
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Setentitic Coordination. Galileo coordinated the knowledge 
ne of his day to produce thought changing data for modern science. 
i General Geophysical has coordinated its manufacturing, laboratory, and 
4 field exploration facilities to produce accurate data for its 
clients’ decisions. General’s engineers design and build reliable 
recording equipment that is easily serviced in the field. 

: The laboratory tests, then retests each unit for precision performance. 
| General’s field crews are fully informed personnel, trained to 
proficiently operate and maintain the equipment they use. With General’s 
coordinated geophysical services on the job you know that 

your reference data are exactingly correct. 


One of General's laboratory-field 
supervisors is always available for 
immediate on-the-site consultation 
with field crews. 


Canada: 10509 81st Avenue, Edmonton, Alberta, Canada 

General Geophysical Company de France (Sarl), 4 Square Rapp + Paris 7, France 
General Geophysical Company de Venezuela, C. A, Sociedad A. Camejo No. 16. + Caracas, Venezuela 
General Geophysical Company (Bahamas) Ltd 
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WHEN YOUR CONTRACT IS WITH GENERAL, THE PERCENTAGE FOR SUCCESSFUL EXPLORATION IS IN YOUR FAVOR 
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Experience 


the world over \ 


Over thirty-three years in aerial survey work 

all over the world are behind every Fairchild 
roject. Wherever the job, thousands of users 

ome learned . . . if you need it done fast 

and right the first time... you can 

depend on Fairchild. 


Aerial photography 
Topographic contour maps 
Airborne geophysics R C- L 
Marine Sonoprobe® surveys 
Electronic positioning services 
orto AERIAL SURVEYS, INC. 


Los Angeles, California: 224 East Eleventh Street « New York, New York: 30 Rockefeller Plaza e Chicago, Illinois: 111 West 
Washington Street « Long Island City, New York: 21-21 Forty-First Avenue « Tallahassee, Florida: 1514 South Monroe 
Street «Boston, Massachusetts: New England Survey Service, 255 Atlantic Avenue e Shelton, Washington: Box 274, Route 1 


Please mention GeopHysics when answering advertisers 


32 

4 

4 

* 

q 

a 


. . . to locate your next well and 
give you an accurate picture of 
oil-producing possibilities. 


For positive results and high 
production, you can depend 
on Tidelands’ experienced 
crews. 


A COMPLETE 
GEOPHYSICAL SERVICE 


MER ROME 
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OFFSHORE, INC. OVERSEAS, INC. 
«9233 WESTHEI HOUSTON 27, TEXAS 
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EUROPEAN ASSOCIATION 


EXPLORATION GEOPHYSICISTS 


The E.A.E.G. was founded in December 1951 


The aims of the Association are to promote the science of exploration geophysics by 
establishing contacts and encouraging co-operation and fellowship between geo- 
physicists in Europe and elsewhere and by disseminating knowledge of the science 
through the agency of regular meetings and the publication of technical papers. 


MEMBERSHIP 


Active Members pay an annual membership fee of Neth. fils. 15.—, increased by 
Neth. fis. 0.50 collecting charges. In U.S. currency this charge amounts to $4.10. 


Prospective Members. Anybody interested in geophysics can apply for membership 
by sending in an Application Form, duly filled out. Forms will gladly be supplied 
by the Secretary-Treasurer of the E.A.E.G. but may also be obtained through the 
kind assistance of the Business Manager of the S.E.G. 


GEOPHYSICAL PROSPECTING 


Official Journal of the European Association of 
Exploration Geophysicists 


This journal is issued quarterly and contains articles written in English, French or 
German. English, however, is predominant and each article is preceded by an abstract 
in that language. 


Active members receive the journal free of charge. 


In accordance with the Terms of Affiliation with the Society of Exploration 
Geophysicists, members of that Society may enter a current subscription to the 
journal for the normal membership fee. 


The Subscription Rate for non-members is Neth. fls. 22—(U.S. $5.80) per annum. 
Single copies are available at Neth. fls. 6—(U.S. $1.60). These rates include pack- 
ing and postage and are payable in advance. A limited quantity of previous issues 
is still available at the same price. 


Advertising rates will be sent upon request. 
All communications to be directed to: 


THE SECRETARY-TREASURER E.A.E.G. 
30, C. VAN BYLANDTLAAN ¢@ THE HAGUE ¢ NETHERLANDS 
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improved plate voltage 
for seismic amplifiers 


Here is a completely static unit No radiated interference from moving parts 
which is far more dependable Low ripple at 3 KC or higher 
than vibrators or dynamotors. Low output impedance 

The ARNOLD power supply is Shock resistant and hermetically sealed 


used as a plate-voltage 
ly for batt ted Operates from —65°F to +160°F 
No moving parts — hence long life 
low-frequency seismic and no maintenance. 
amplifiers. Inherent in the SPECIFICATIONS 
design and construction are Input: 10-14 volts DC Weight: 19 ounces 


M Output: Regulated for Size: 3” dia. x 
the following advantages. discharging battery 3%,” high 


Arnold power supplies are used by Pan American Petroleum 
Corp., Seismic Explorations, Inc., and other leading 
companies. Write for literature on the Model 591-AG. 


ARNOLD MAGNETICS CORP. 


4613 West Jefferson Boulevard, Los Angeles 16, California 
Telephone REpublic 1-6344 
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BERT & RALPH DUESING 


“Selling Atlas Explosives” 


BIG LAKE, TEXAS 


HIGH ALTITUDE 


CONTROL INSTRUMENTS 


require MAXIMUM Performance— 
MINIMUM Size—W eight—Power Drain 


Model AGS-4 


_—) SIGNALLING SYSTEM COMPONENT 


SUB FRACTIONAL WATT D.C. MOTORS 


ENGINEERING DEVELOPMENT MANUFACTURING 
BRAILSFORD 


Brailsford AGS Timers 
Are Unmatched in. 
These Basic 
Requirements 


If you have a timing 
problem where size, 
mass, and power drain 
are critical, read these 


SPECIFICATIONS 


Model AGS-4 

Number of circuits—4 SPDT 

Weight—6.1 oz. 
regulation—+1.0% @ 

+50.0% voltage shift 

Size—3’""x x 134" 

Power input—~.008 Amp. @ 

6 V.D.C. 

ALSO AVAILABLE 1, 2 OR 

3 CIRCUITS 


Write for literature 


BRAILSFORD 


and Company, Inc. 


670 Milton Road 
Rye, N.Y. 
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MAYES-BEVAN 
SEISMOGRAPH and GRAVITY METER SURVEYS 


KENNEDY BUILDING @ TULSA, OKLAHOMA 


accuracy, reliability and simplicity are perhaps 

the most sought-after qualities. Given instruments 
combining all three qualities, the seismic crew can rapidly 
approach its maximum efficiency and, 

therefore, its peak economy. 


At EIC electromechanical experience and 
constant development effort are directed at the problem 
of producing instrumentation for an industry which 
demands optimum accuracy, reliability 
and simplicity in combination. 


If you have a specialized instrumentation 
need in the seismic field, EIC development personnel 
will be happy to discuss it with you. 


ELectRODYNAMIC 


INSTRUMENT 
2508 Tangley Road 


/ CorporATION / Houston 5, Texas 
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EARTHQUAKES 

MADE- 
MEASURE 

WITH CYANAMID 


EXPLOSIVES 


Cyanamid’s specialized seismograph explosives make it easier for geophysicists to probe the 
secrets of the earth’s strata on land and offshore. “*Made-to-measure”’ earthquakes have been 
of invaluable aid in helping to locate the vital crude oil resources so necessary for America’s 


continued prosperity. 


Experienced Cyanamid representatives will be glad to advise or help you in any way. There’s a 
Cyanamid magazine... plant...or distributor near you. Just give us a call. 


DISTRICT SALES oFFices: St. Louis, Missouri; New York City, New 
York; Latrobe, Pennsylvania; Pottsville, Pennsylvania; Scranton, 
Pennsylvania; Dallas, Texas; Salt Lake City, Utah; Bluefield, West 
Virginia 


THE CYANAMID SEISMOCRAPH LINE:* Hi-Speed © Geogel © Ajax S 
Pattern Powder—Available with Fast Coupler or E-Z Lok ® Blasting 


Agents—Cyamon OS *Trademark 


Please mention Greopuysics when 


AMERICAN CYANAMID COMPANY 
Explosives Department 
30 Rockefeller Plaza, New York 20, New York 
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THE GEOPHYSICAL SOCIETY OF TULSA 
announces the TENTH ANNIVERSARY ISSUE, Volume 4, of 


THE PROCEEDINGS OF THE GEOPHYSICAL SOCIETY 
OF TULSA 


This newest edition contains the following original papers: 


The Locus of Points Having Equal Arrival-Times for a Reflected Wave 
by William Schriever 


A Time Dip Nomogram 
by Paul L. Lyons 


Vector Composition of Reflection Time-Gradients 
by William Schriever 


An Integrated System for Magnetic Recording and Processing Seismic 


Data 
by P. C. Sundt 


Seismic Exploration in the Delaware Basin 
by M. E. Trostle 


Geophysical Case History of The Engel Pool (Central Kansas Uplift) 
by Lee Brooks, John Care 
and Charles Wallace 


High Resolution Seismic Exploration—Northeastern and North 


Central Oklahoma 
by R. F. Van Cleave 


A Comparative Study of the Vertical Gradient of Gravity 
by Frederick Romberg 


The Abnormal Sedimentary Susceptibilities in Eastern Missouri 
by Thomas V. McEvilly 


Volumes 1, 2 and 3 are available at $2.00 per copy 
Volume 4 is available for $2.00 per copy 
(Postage Included in Cost) 


SOCIETY OF EXPLORATION GEOPHYSICISTS 
Box 1536 Tulsa 1, Oklahoma 
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SURVEYS 
REPORTS 


KLAUS 


EXPLORATION CO. 


PHONE SWift 9-7031 BOX1617 @ LUBBOCK, TEXAS 
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REICHERr 


GEOPHYSICS 
ALL OVER THE WORLD 
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and. ABROAD 


E 


WEIGHT 


FIRST IN THE FIELD OF WEIGHT DROPPING 


In Canada, Algeria, all over the world, McCollum GEOGRAPH crews 
are proving the weight drop technique’s speed, safety, economy and accuracy 
in the search for oil. The versatility of GEOGRAPH in hard 
rock areas, frozen terrain, desert sand, etc., 
illustrates its advantages over conventional methods 
in obtaining accurate seismic data while completely eliminating 
the need for shot holes and explosives. 

Seventeen years of research and development on GEOGRAPH 
assures the world market the most effective 
and economical exploration method. 


SINCE 1923 


1025 S. Shepherd Drive, JAckson 8-5427, Houston, Texas 
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Tape 
Transport 


Practical 
Direct Recorder 
in the Field 


FORTUNE 
ELECTRONICS’ 
SR-3 
MAGNETIC 
TAPE RECORDER™ 


Amplifier and 


Today! 


Simple Design 

The SR-3 has been especially designed to 
give outstanding performance under the most 
adverse field conditions. This rugged design 
demands that the instrument be free of non- 
essentials. An example of the SR-3’s design 
simplicity is its straight-forward, adjustable 
headbank. Corrections are easily set and read, 
headbank cannot get out of calibration. 


Completely Adaptabie 

No installation problems, interconnecting cables 
are all that is required to adapt the SR-3 to any 
existing system. With the SR-3 expensive re- 
wiring, and costly man-hours are eliminated, 
equipment out-of-production time is minimized. 


Switching Unit 


Easily Serviced 

A unique feature of the SR-3 is its uncompli- 
cated construction. While this compact unit is 
made of sturdy, precision-made components, 
it is easily serviced by technicians familiar with 
seismic equipment. This feature helps to reduce 
shut-down time in the field due to equipment 
failure. 


Superior Performance 

The superior performance of the SR-3 more than 
meets the most exacting standards. Judge the 
performance characteristics of the SR-3 for your- 
self—write Fortune Electronics for complete 
physical and electrical specifications. 


*Available on Fortune's lease-purchase plan 
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History of the 
Seismograph 
Number 6 
im a sertes 


Prospecting for oil enters 
the SEISMATION ‘era in the mid fifties! 


During the first quarter century of seismic explorations 
for oil, the instrumentation effort was devoted almost 
wholly to improving the performance characteristics of 
data gathering equipment. Few, if any, noteworthy 
devices were developed to aid in the processing of 
seismic data. Now, thanks to the data storage and data 
reproducibility made possible by magnetic recording, 
the economic emphasis and instrumentation trend has 
shifted to expeditious data reduction the Sezs- 
mation efa. 


The new methods of processing seismic data by 
machine analysis have gone far in presenting the total 
information in its most comprehensible form for 
review by the geophysicist-geologist team, and ulti- 
mate decision-making by the oil company management. 
The “Corrected Record Section” has become common 
terminology in the geophysical industry. More and 
more companies are requiring that their data be pre- 
sented in this easily-grasped form, which: preserves all 
the original data—with corrections applied to compen- 


sate for both constant and variable type vertical time 
corrections—in various plotted form for visual enhance- 
ment of coherent phenomena or reflected events—with 
a minimum of routine computation and manual effort 
—with the possibilities for special corrections and data 

manipulation—readily lends itself to alternate inter- 
pretation and presentation. 


Seismation systems developed by Texas Instruments 
are the most advanced and practical instrumentation 
for seismic data recording and processing available. 
The all-electronic seisMAC, seismic magnetic automatic 
computer, the 7000B “All-Purpose” Seismograph, and 
the magneDISC, disc-type magnetic recorder, meet the 
most exacting requirements of both the geologist and 
geophysicist in processing seismic data for maximum 
usefulness. The ViP, variable intensity plotter, is the 
best device for giving you quick, up-to-date seismic 
presentations closely resembling geologic sections. Write 
today for complete information on all the Seismation 
systems! 


This is the last of the historical series on the Seismograph; write for your complete 


set of free reprints suitable for framing . . 


send your request to Department D 


° TEXAS INSTRUMENTS 


INCORPORATED 
INDUSTRIAL INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEDWAY HOUSTON, TEXAS * CABLE. HOULAB 


* REGISTERED TRADEMARK 
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the 400:1* 


Worden Gravity Meter 


goes into operation! 


Texas Instruments Incorporated is the 
first and only member of a highly exclu- 
sive “400 Club.” In the brief span since 
1946, 400 compact and dependable Worden 
Gravity Meters have been precision-manu- 
factured for use in widely varying world- 
wide services. 

In virtually every conceivable operating 
condition, Wordens have proved their 
superiority in accuracy, portability, and 
trouble-free operation. Atop Mount God- 
win Austen in Pakistan, in Europe’s natural 
caves, in mine shafts of four continents, on 
the Greenland Ice Cap, during the IGY in 
Antarctica, from helicopter, horseback or 


jeep, from latitudes 0 to 90° . . . both 


geodetic and exploration Worden Gravity 
Meters have provided highly valuable 
information. 

The Worden Gravity Meter weighs only 
five pounds—1/4 to 1/5 the weight of 
other gravity meters in use. The elastic 
system of the meter is quartz with basic 
mass of only five milligrams, and is sealed 
in a partial vacuum. Internally compen- 
sated, no external power source or heating 
coils are required for operation in any 
temperature. The Worden Meter does not 
require pampering or clamping between 
stations and will maintain its high accuracy 
under the roughest of expected operating 


conditions. 


For further information on Worden Standard and 
Geodetic Gravity Meters, write for Bulletin No. GM-204. 


TEXAS INSTRUMENTS INCORPORATED 


INDUSTRIAL INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEDWAY 


HOUSTON, TEXAS CABLE HOULAB 


Formerly: HOUSTON TECHNICAL LABORATORIES 
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History of the 
Gravity Meter 
Number 6 
a Series 


Internal Cormmpensation made the Worden 
Gravity Meter the first practical prospecting meter! 


In 1946, the prototype of the modern Worden gravity 
meter was developed, bringing the weight of the pros- 
pecting gravity meter down from a rather ponderous 
50 pounds to approximately five pounds. This was 
accomplished through an internal temperature com- 
pensator which eliminated the need for bulky external 
heating coils, wet cell storage batteries, and carrying 
portable battery chargers into the field. 

Now, more than 400 of these compact and versatile 
Worden Gravity Meters are in use from poles to 
equator . are considered the standard of the world 
in gravity measurement. Wordens have been used in 
mine shafts, atop mountains, from swamps, deserts and 
ice caps all areas are covered with ease and a 
minimum of operator fatigue with this lightweight 
instrument (actual weight 5’g pounds). 

The elastic system of the Worden Gravity Meter 
is constructed of quartz with basic mass of five milli- 
grams, and the entire system is sealed in a partial 
vacuum. Basically, the working principal is a three- 
spring meter employing a pretension or zero length 


This is the last of the historical series on the Gravity Meter; 


set of free reprints suitable for framing 


send your request to Department D 


TEXAS INSTRUMENTS 


INCORPORATED 
INDUSTRIAL INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEOWAY * HOUSTON, TEXAS * CABLE: HOULAB 


spring to obtain the necessary sensitivity. This sealed 
system eliminates errors due to changes in altitude in 
mountain ranges or in transport by aircraft. The low 
mass combined with the almost perfectly elastic qualities 
of quartz eliminates the necessity of clamping the 
system during transport to prevent breakage. 
Wordens are available in both the standard and 
geodetic models. The standard has a reading accuracy 
of 0.01 milligal and a small dial range of approxi- 
mately 80 milligals. The geo- 
detic has a reading accuracy 
of 0.01 to 0.04 milligals on 
the small dial, 0.10 to 0.20 
milligals on the large, with 
respective ranges of 80.00 
to 320.00 and 3000.00 to 
7000.00 milligals depending 
on the customer's needs. Write 
for complete information on 
the versatile Wordens; specify 
Bulletin No. GM-204. 


Geodetic | 


write for your comple te Model ae 


Standard Model 
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Most rapid and economic means for 
time-correcting and compressing 
seismic data in section form! 


The Variasce INTENSITY PLOTTER developed by Texas 
Instruments rapidly corrects for time or depth and com- 
presses a mass of seismic data into section form, while 
preserving the relative character and contrast of recorded 
events. The VIP cross section closely approaches a geologic 
section, and is therefore readily comprehended by non- 
geophysical personnel. 


VIP is the first all-electronic system devised for variable 
density presentations, with the added speed, reliability 
and accuracy which this assures. Further distinct advan- 
tages of the VARIABLE INTENSITY PLOTTER are: 


VARIABLE INTENSITY PLOTTER 


Low initial cost—lowest processing cost per profile. 
» Operates directly from magnetic recording—no inter- 
mediate record 
Usable with all magnetic transducers. 
24 time-corrected channels simultaneously processed 
in one minute. 
Inherent information retained independently of trace 
width. 
Timing accuracy of + 1 millisecond. 
. Visual examination of data on 20-inch cathode ray 
tube. 
Photographic record on 244” x 3%” negatives with 
obvious storage advantages. 
Traces can be mixed. 
Monitoring of all data possible prior to and during 
processing. 
Visual indication of time and depth scale on record. 
Easily transported—can be operated by semi-skilled 
personnel. 


Write today for complete information, specify Bulletin No. S-322. 


° TEXAS INSTRUMENTS 


INCORPORATED 
INDUSTRIAL INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEQOWAY HOUSTON, TEXAS CABLE: HOULAB 
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how much technical 
assistance is needed to increase your 
wildcat hits? ... 


All y 0 U CAN G E [! Technical assistance, in the 


form of sound geological and geophysical counsel could 
easily be the difference between a “rich strike” or an 
“expensive miss”. 


National statistics bear this out — when technical 
advice, either geological or geophysical, or both, are used 
to locate drilling sites, the wildcatter’s chances for success 
are increased by nearly 300%. Think that over . . . then 
call REPUBLIC. The latest in magnetic equipment and 
modern methods are at your disposal. 


A map of the U. S. showing major 
geological features is now available 
to you. Write: Republic, Dept. B, ; 
Box 2208, Tulsa. Okla. 
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for PATTERN SHOOTING 


Hercules’ continuous program of research and de- 
velopment has provided a new Vibrocap SR. This 
new Vibrocap SR gives seismic blasting crews an im- 
proved electric blasting cap for land, marsh, and 
offshore exploration. The new cap features: 
Improved . . . Series firing for pattern shooting 
with faster, more uniform firing at lower current 
with high voltage blasters. 

Improved .. . Regularity of firing at both high and 
low currents. 


Improved . . . High resistance to accidental dis 
charge by static electricity, stray currents, and radi 
frequency energy. 

Improved . . . High water resistance. 

Vibrocap SR is available with plastic-insulatec 
kirked wires in regular packages, or on spools packe¢ 
in cartons having convenient carrying handles. 

Our sales engineers welcome the opportunity t¢ 
tell you more about Vibrocap SR and to consult wit} 
you on blasting procedures. 


HERCULES POWDER COMPANY 


Explosives Department + 900 Market St., Wilmington 99, Del. 


INCORPORATED 
XR57-2 


Birmingham, Ala.; Chicago, Ill.; Duluth, Minn.; Hazleton, Pa.; Joplin, Mo.; Los Angeles, 
Calif.; New York, N. Y.; Pittsburgh, Pa.; Salt Lake City, Utah; San Francisco, Calif. 


A. 
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Built-in optical plummets eliminate plumb bobs 
save set-up time...improve accuracy 


Gurley OP-57 


The Gurley Optical Plummet Transit (Model OP-57) has 
proved itself to be such an important time and money 
saver in the field that this optical plummet feature has 
also been added to the Model 132 Standard Precise 
Transit. The new transit will be known as the OP-137 

Both these Optical Plummet Transits will save you time 
and trouble in setting over a point. The OP-57 and OP-137 
eliminate the swing and sway of the cord and plummet— 
exasperating and time consuming. You will especially 
appreciate the increased accuracy on windy locations. 

By rotating the instrument 180°, you can be assured of 
positive centering. 


W. & L. E. Gurley 


Engineering Instruments Division 


Troy, New York 
Since 1845 
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Gurley OP-137 


The Gurley Optical Plummet Transits are furnished 
with tripods which have built-in shifting heads. They 
allow a two-inch shift of instrument over the point, pro- 
viding greater latitude in initial set-up. 

Model OP-57 is recommended for very exacting work; 
the OP-137 for general engineering and construction work 
because of its shorter telescope, smaller size and its lighter 
weight. 

Now in two models Gurley offers you an important ad- 
vantage of the optical-reading theodolite plus the simplic- 
ity, ruggedness and proved performance of the American 
transit. Write for new Bulletin OP-100. 


W. & L. E. Gurley, Engineering Instruments Division 
529 Fulton St., Troy, N. Y. 


Please send new bulletin OP-100 with details on Gurley’s 
Optical Plummet Transits. 
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the new 
iNiPROVED 
DESIGN 

that sets a 

new standard in 


GRAVITY METERS 


WORLD-WIDE EXCLUSIVE FEATURES 
® EASY READING COUNTER enables the operator to read the 


meter without removing from the tripod. 

© RECESSED LEVEL BUBBLE avoids direct sunlight thereby elimi- 
nating level bubble creep. 

® WORLD-WIDE RANGE for all meters regardless of latitude, with- 
out returning to laboratory for further range adjustments. 

© SMALL DIAL RANGE of approximately 100 milligals minimizes 
resetting instrument in rugged terrain. 


KX @ Lightweight, completely portable 
@ 01 milligal reading accuracy 
Thoroughly temperature compensated 
Direct digital reader 
No external power source required 
Full two year warranty 


® Direct reading digital 
counter facing upwards, 
and read like an auto- 
mobile mileage re- WORLD-WIDE. INSTRUMENTS. INC. 
corder, enables opera- 
tor to read without re- 
moving from tripod. 
Small dial range approx- 3802 South Shepherd—Houston 6, Texas U.S.A. 


imately 100 milligals. Cable Address: WRLDWIDINS HOUSTON 
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FOR SHALLOW AND DEEP LOGGING USE... 


SHALLOW 


- 


ELECTRIC LOGS #£GAMMA RAy- 
 (S.P. & RES) | CASING COLLAR LOGS 


(recorded simultaneously) (recorded simultaneously) 


GAMMA RAY- 
RESISTANCE LOGS 


(recorded simultaneously) 


featuring — 
Exclusive automatic dry process photographic recording unit 
Electric powered cable hoist 
‘‘Turn-key’’ package with generator and all accessories 
High strength armored steel logging cable 
Interchangeable components — one GEO-LOGGER does all 
Compactness — Simplicity — Reliability — Durability 


Proven design — over 8 years’ acceptance in the field 


FOR REAL ECONOMY IN SHALLOW 
LOGGING USE THE NEW SHOT HOLE Geo - Logger 
Ideal for shot hole and shallow core hole logging to 750 feet. Has all the features of the 


famous SHALLOW and DEEP units, including electric generator and all accessories. Easily 
operated by any member of a drilling or seismic crew without special training. 


packaged units are ready for delivery and 
immediate use, on a monthly lease or pur- 
chase basis. For information, contact 


We RECONNAISSANCE, INC. 


7818 Brook Hollow Road e Box 1483 e Dallas, Texas @ TELEPHONE: Fleetwood 7-7378 
manufacturers of the finest portable logger — approved throughout the world 
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Wé&T 
Sensitive 
ALTIMETERS| 


READABLE 
TO ONE 


TYPE 
FA-112 


DURABLE 
SELF-BALANCING 
CUSTOM CALIBRATED 


ACCURACY 0.1% & & TYPE 
: FA-181 


STANDARD RANGES 

Minus 1000 to 3000 feet 
Minus 1000 to 6000 feet 
Minus 1000 to 15000 feet 
Special Ranges Available 


Write for additional information 


WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 


In Canada, Wallace & Tiernan, Ltd. — Toronto A-118 
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GRAVIMETER Gs 12 


is an instrument of the type Gs 11, which addi- 
tionally is equipped with a set of calibrated 
weights. By these weights (i.e.19 balls) a differ- 
ence in gravity of about 2,000 mgals can be 
compensated and measured. This can be done 
for any multiple of 100 mgals directly. Interme- 
diate values are determined as before by means 
of a fine measuring spring. 


Here are the data: 

Range: 65,000 y 
Sensitiveness: 25 y/s.d. 
Reading accuracy: < 0.1 s. d. 


the azimuth. 


and Scientific Research. 


ASKANIA-WERKE AG 


U.S.BRANCH: ASKANIA-WERKE AG 


Weight: 3kg (6.6 Ib.) 
Temperature compensated and independent of 


Tripod for rough and final levelling. 
And the result of all these advantages: 


Se takes 40 seconds only! 


Write for detailed specifications and additional information on these 
latest developments and on other Geophysical Instruments for Prospecting 


TORSION 
MAGNETOMETER Gfz 


is a new Askania-Magnetometer of high quality. 


BERLIN-FRIEDENAU 
4913 CORDELL AVE, BETHESDA, MD. 
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@ Located in all active oil areas, Mayhew 
assures you of continuous operation with 
a complete line of supplies and replace- 
ment parts. So wherever you are located 
contact your convenient Mayhew Supply 
Store... You get the most with a Mayhew! 


HOME OFFICE 


DALLAS 


MAYHEW SUPPLY CO., INC. 


4700 SCYENE ROAD e¢ DALLAS, TEXAS 


SALES AND SERVICE 


CASPER, WYOMING * TULSA, OKLAHOMA * SIDNEY, MON- 
TANA * LUBBOCK, TEXAS * GRAND JUNCTION, COLORADO 
GALLUP, NEW MEXICO * EXPLORATION EQUIPMENT CO., 
INC., HOUSTON, TEXAS 


SEISMIC SERVICE SUPPLY, LTD., CALGARY AND EDMONTON, 
ALBERTA 
,IDECO, INC., P. O. BOX 1331, DALLAS, TEXAS 
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FIELD RECORDING 
SYSTEM 


SOUTHWESTERN INDUSTRIAL 


P.O. Box 13058 


2831 Post Ook Rd. 


ELECTRONICS CO. 
Houston 19, Texas 


The MS-15 Magnetic-Seismic 
Field Recording System is a 
completely new and economical 
“one-package” unit for mag- 
netic recording and monitoring 
in the field. All of the high fi- 
delity advantages of the time 
proven frequency modulation 
method are obtained at the 
same cost as AM instruments. 
The unique “one-package” de- 
sign of the MS-15 eliminates 
interconnecting cables, provid- 
ing dependability characteristics 
so necessary in a field system. 

Twenty-four broad-band, lin- 
ear phase shift seismic ampli- 
fier-FM modulator combination 
channels are specifically de- 
signed for magnetic recording 
to take advantage of the inher- 
ent qualities of the famous 
standard SIE tapes. Bridged-T 
hi-line filters are available. The 
twenty-four seismic data chan- 
nels and four information chan- 
nels can be played back through 
an SIE GA-22 or GA-33 seismic 
amplifier sequentially and dis- 
played on a monitor drum to 
verify record quality. Either pen 
or electro-stylus reproducing 
methods are available, and no 
photographic developing proc- 
esses are required. A dry 
reproduction of the magnetic 
recording is available only 242 
minutes after the shot is fired. 
The system is housed in one 
sturdy unit and since no dark- 
oom and developing facilities 
are required, the MS-15_ is 
easily installed in a portable 
recording cab and transported 
in a small pickup truck or 
marsh vehicle. 

In every characteristic— FM 
high-fidelity, dependability and 
ease of maintenance, operating 
convenience and flexibility, the 
MS-15 maintains the standards 
which have made SIE geophysi- 
cal instrumentation “THE 
STANDARD OF THE INDUSTRY.” 
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Today, all over the world, MS-12 GeoData 
Systems are in use. The world’s leading petroleum 
and geophysical organizations are being equipped 
with SIE GeoData Systems as rapidly as possible. 
These outstanding companies have chosen Geo- 
Data equipment in order to utilize properly all of 
the seismic information acquired by modern mag- 
netic recording methods. They have found the 
GeoData concept offers maximum interpretation 
flexibility while maintaining the highest standards 
of accuracy over wide variations in record quality. 

GeoData is the essential element required for 
full utilization of geophysical data. The wide ac- 
ceptance of the MS-12 System demonstrates again 
how SIE instruments meet every industry require- 
ment in every phase of the modern exploration 
program. 

MS-12 GeoData Equipment with sequential 
processing reduces first cost—improves accuracy 
—simplifies operation—provides the complete 
sub-surface picture. 


In 1958 

SIE GeoData 
Processing Centers 
are revealing 

the world’s complete 
sub-surtace picture 


SOUTHWESTERN INDUSTRIAL ELECTRONICS COMPANY 
2831 Post Oak Road « P. O. Box 13058 + Houston 19, Texas 
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For twenty-six years, SEI has specialized in sub- 
surface studies of the domestic oil provinces . . . from 
Canada to the Gulf. Numerous innovations in instru- 
mentation, interpretation, and field technique have 
kept SEI in the forefront. For example, in difficult 
areas, SEI has been a pioneer in the use of patterns 
of multiple shot holes and geophone arrays. 


Your exploration program is in capable hands at SEI. 


TECHNIQUE 


SEISMIC EXPLORATIONS INCORPORATED 


1017 SOUTH SHEPHERD © HOUSTON, TEXAS 


Area Offices: Midland, Texas @ Shreveport, Louisiana @ Oklahoma City, Oklahoma ®@ Billings, Montana 
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Your ONE complete source of supply for ALL electronic equipment, 
including: 


Burgess Dry Batteries. 


Micro “Precision” Switch. 


Texas Instrument Semi-Conductor Devices. 
Minnesota Mining Electrical Tapes and Insulations. 
S.1.E. Geophysical and Special Purpose Transformers. 
Oran Gasoline and Diesel Powered Plants, 500-75,000 Watts, 
A.C. and D.C. 


Condensers: Sub-miniature; hi-temperature; Tantalum. 
Connectors: Sub-miniature; An" and "'K" types; battery; power; audio Hardware 
for production and assembly. 

Hook-up Wires: Miniature; Teflon; tinsel. 

Metalware: Cabinets; panels; chassis, aluminum and steel. 
Multi-conductor Cables: Rubber and Neoprene insulated. 
Potentiometers: Miniature; wire-wound; specials. 

Power Supplies: Dynamotor; converter; vibrator type. 

Radio Tubes: Receiving; special purpose; sub-miniature. 
Rectifiers: Selenium and germanium diode; copper oxide; power. 
Relays: Sub-miniature; sealed; power; A.C. and D.C.; sensitive. 
Resistors: Power; composition; deposited carbon; precision. 
Switches: Sub-miniature; toggle; rotary; power. 

Terminals: Swage type; solder type; terminal boards. 
Transformers: Miniature; radio-TV; transistor. 

Transistors: P-N-P and N-P-N Junction; Point-contact. 


Voltage control equipment. 


HARRIS ON 


EQUIPMENT COMPANY, INC. 


Phone CA-4-9131 © 1422 San Jacinto °* Houston, Texas 
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It is a known fact that geophysical instrumentation has 
advanced faster than geophysical interpretation. Due largely to 
the competitive efforts of specialized manufacturers, instru- 
mentation has made significant strides in the past ten years. 
Whereas, interpretation has not kept pace. 


Robert H. Ray Co. makes a concerted effort to remedy this 
inequity through progressive interpretive research. Men have 
been assigned to special projects devoted exclusively to such 
problems as velocities, migrations, and faults. Further, very 
close coordination with field parties is maintained at all times. 
Any interesting or peculiar interpretive problem encountered 
is referred directly to this research staff for review and study. 


Attaching the proper importance to all phases of geophysi- 
cal exploration — another reason why RHR remains high 
among the leaders! 


ROBERT H. RAY CO. 


2500 Bolsover Road * Houston 5, Texas 
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TEX-TUBE 


SHOT HOLE CASING 
16 GAGE - 19 GAGE 
With The 
EXCLUSIVE SPEED 
COUPLER JOINT 


Strong, and light-weight Tex-Tube Shot 
Hole Casing with the exclusive Speed Coupler 
Joint will solve your shot hole problems! 
Light enough to carry in—strong enough to 
drill with! Each length of 16 gage Tex-Tube 
Shot Hole Casing weighs only 20 pounds. 
Each length of 19 gage weighs 13 pounds. 
The exclusive Tex-Tube Speed Coupler 
Joint makes up fast—without collars. Only 
two quick turns make a water tight 
connection strong enough for high 

pressure jetting. Field tests prove 

Tex-Tube best. 


H & T Sales Co 
Bilderback Dynamite Co... . 


Par-Tain Exploration Co... . 


Deupree g Co 
Grove Hardware Co 


Seismic Service Supply, Ltd... 
Venezuelan Supply, C. A... 
National Supply Co. 

Export Division 
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PLANNING EXPLORATION IN ALASKA? 


Save time and money by using experienced 
Aero crews now in Anchorage 


If you’re thinking about airborne magnetometer surveys in Alaska 
this spring, it will pay you to talk with AERO. 


Our experienced crews have been flying the Kenai area continuously 
since last July. We know the operating problems. We are obtaining 
an excellent magnetic record almost unhindered by the very 
turbulent air. AERO’s tail cone installation is the reason. 


With the AERo strip camera, which records the flight path even in 
poor light, we can fly almost round-the-clock—double shifting to 
take advantage of good weather. 


Our monitoring station is another reason for the quality of our 
records. There are excessive diurnal disturbances here. AERO knows 
how to observe and select the best flying time. Our long interest in 
diurnal variations has special values in Alaskan surveys. 


AERO has two Piper Apaches based at Anchorage, ready soon for 
new surveys. We are committing one or both of these aircraft and 
their experienced crews now for work this spring and summer. 
We would welcome an opportunity to talk costs, capabilities, 
schedules with you. 

Will you write or phone Airborne Geophysics Division (GLad- 
stone 7-3000) for more information? No obligation. 


AERO SERVICE CORPORATION 
Oldest Flying Corporation in the World 
PHILADELPHIA 20, PA. 

Offices in: Tulsa, Salt Lake City, San Francisco, Ottawa, London, Johannesburg 
Please mention GropHysics when answering advertisers 
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RUSKA MAGNETOMETERS 


Now with New Type Temperature Shielding 


TYPE V—Vertical Magnetic 
Field Balance 


TYPE H—Horizontal Magnetic 
Field Balance 

TYPE VR—Vertical Magnetic 
Recording Balance 

TYPE HR—Horizontal Magnetic 
Recording Balance 


Standard Sensitivity 
10 gamma per scale division 
—visual 


10 gamma per millimeter— 
recorded 


“SCOUT”—a light-weight ver- 
tical reconnaissance mag- 
netometer 


Standard Sensitivity 
25 gamma per scale division 


All Ruska magnetometers are 
equipped with temperature 
compensated systems with 
sapphire knife-edges. 


ALSO: HOTCHKISS TYPE SUPER- 
DIP 


BETTER BECAUSE THEY ARE MADE TO BE BETTER 


A superior product plus a program of continual improvement keeps Ruska instru- 
ments unsurpassed. Built to remain accurate and to stand hard use, they are the 
choice of prospectors the world over. 


S K A INSTRUMENT 
CORPORATION 
4607 MONTROSE BLVD. HOUSTON 6, TEXAS 
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THE 


CALL 


Milligal can help you solve the problem of a difficult, 
unproven location through our accurate, reliable, 
scientific service. 
Specify an E. V. McCollum & Co. 
GRAVITY SURVEY first for prompt, 
precise, dependable investigation. 


E. V. McCollum Craig Ferris 
515 Thompson Bidg. Phone CHerry 2-3149 
Tulsa, Oklahoma 


Foreign Affiliate: NAMCO INTERNATIONAL 
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SYSTEM, 
PROVIDES STATIC _ 


_INFORMATION, MAY BE 


PRC ON. FURTHER INFORMATION 
- WILL BE MAILED ON REQUEST. 


CTRO-TECH 
: HOUSTON * LAFAYETTE * TULSA EUROPE: PARIS 
OPED BY CARTER OIL CO RESEARCH LABORATORY. NOER PATENT OF THE ESSO RESEARCH AND EN ye 


C. N. PAGE A. E. “SANDY” McKAY C. J. LOMAX 


Central Office 
2111 Continental Life Bldg. 
Fort Worth, Texas 


Division Offices 


|- "WEST TEXAS GULF COAST ROCKY MTS. 
Midland, Texas Houston, Texas Denver, Colorado - 


Ramee 


*long and short term contracts 

ix 
Ge a 
¥: 
4 cs 


A TRULY PORTABLE 
MAGNETOMETER | 


FOR GEOLOGICAL AND GEOPHYSICAL EXPLORATION: 


THE VARIAN M-49 


operating on revolutionary nuciear-free-precession 
principle detects variations in the earth's magnetic 
field associated with magnetic ore bodies, subsurface 
fauits and structura! anomalies. Sensitivity of plus or 
minus 10 gammas is more than ample for the purpose. 
An extremely short (6 second) automatic reading in- 
terval permits rapid reconnaissance of large areas. 
Weight is only 16 pounds. 


The Varian M-49 needs no leveling, calibration or ori- 
entation in azimuth, its readings are precise even when 
the magnetometer is in motion — carried by a man on 
foot — mounted on horseback — or embarked in a boat. 
The sensing head is connected by cable and can be 
separated from the instrument body by several hun- 
dred feet pended by ball ‘ed over vertical 


cliffs. 

To achieve these unique properties, Varian uses the 
proton free-precession principle which relies on an im- 
mutable nuclear constant (of the hydrogen atom). Other 
Varian magnetometers operating on this same princi- 
ple are in use in magnetic observatories, airborne sur- 
veys, underwater surveys and in space vehicies. 


FEATURES... 

@ Range 19,000 to 100,000 gammas. 

@ Direct reading meter in gammas; sensitivity of + 10 
gammas; no calibration required. 

@ Weighs only 16 pounds; all-transistor design; com- 
pact and rugged. 

@ Reading interval manualiy controlied or six-second 
automatic; usablte stationary or in motion 

@ Cabie-connected sensing head separabie by severa! 
hundred feet for muitilevel surveys 

@ Poiarizing cells rechargeable by simple connection 
to automobile battery. 


Write today for a full explanation of the Varian Mag- 


*"s pri iples, applicati and equip 


details. 


VARIAN associates 


INSTRUMENT DIVISION 


611 Hansen Way, Pato Aito 33 , California 
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THe OF 


THE QUALITY 


OF HUMAN JUDGMENT 


is the important part 
of your survey picture 


The superiority of IX surveys is a matter of skill and experience. 
Independent has the finest seismic exploration equipment available. In the 
final analysis, however, it’s the demonstrated ability of IX 

personnel that makes the difference. Independent has proved 

itself to virtually every independent and major oil company. More 

than 1763 man years of experience go into every exploration job. 

Next time, call in IX. 


INDEPENDENT EXPLORATION CO. 


1973 West Gray, Houston, Texas 


1 Frederick’s Place, Old Jewry, London, E.C.2, England 


12 Rue Chobonois, Paris, France 


OVER 1763 MAN YEARS OF EXPERIENCE 
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GEO ALUMINUM INSERTED DRAWING PAPERS 


Repeat orders generally prove the value of an item, The tremendous amount of repeat orders, which 
we have been receiving on Geo Aluminum Inserted Drawing Papers since its re-introduction to the 
American market, certainly prove that it is the most advantageous material available for original plans. 


Here are some of the high points and advantages that your company is missing if it is now 
using Geo A. I. D. Papers for all original plans. 
Extreme: **Durability 
**Resistance to climatic conditions 
**Dimensional stability 
Aluminum Inserted Drawing Paper is made in seven grades with insertions varying from .00118 in. 
thick to .0394 in. The three thinnest grades are sold in sheets and rolls; the! thicker grades in 
sheets only. Sheets are cut in any size up to 39” x 48”, rolls up to 40” wide and 50 yards long. 
Geo A.I.D. Papers are now used in making original plans for: 
*Aircraft Industries *Automobile Manufacturers 
*Oil Prospectors *Aerial Surveying Projects 
*Surveying and Mapping Companies *City Planning & Highway Depts. 
Write for samples and price list today. We will be glad to supply specially low priced sample orders in 
either sheets or rolls. 
May we also call your attention to the widely accepted, and highly recommended Geo Weatherproof 
Engineers’ Layout Paper. The paper is weatherproof throughout, not merely surface-treated. 
A sample of Geo Weatherproof Engineers Layout Paper is yours for the asking, also for catalog of 
Surveying instruments and Drafting equipments. 


GEO-OPTIC COMPANY, INC. 
149 Church Street, New York 7, N.Y. 


GEOPHYSICAL CASE HISTORIES, 
VOLUME II 


Contents 


General and historical papers .............+.. 
Salt dome case histories ........ 

Reef case histories . . 

Anticline case histories 

Stratigraphic trap case histories 

Mining case histories ....... 

New uses case histories ......... 


Total number of papers .. 


WITH GENERAL INDEX AND INDEX TO MAPS 
$6.00 to SEG, AAPG and AIME members—$7.00 to others 


Payment must accompany order No C.O.D. orders accepted 


SOCIETY OF EXPLORATION GEOPHYSICISTS 
Box 1536 Tulsa 1, Oklahoma 
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Get on location—and drill the hole you need 
with a Perry 


complete drill, disassembled 


portable 
pump and engine 


Are your opera 
obstacles of dif 


You can @Varépme such obstacle fi 
expe eaproven Petty Portab 


WHY?. here is an efficient 


hampered by. 


terrain and 


@rill of just five Basie’ 
» (total weight on 1 Bounds, including engin 
This @nitgplusimud pump and @rill rad, 
"gives flexiby Spendable drillinig’ service 


er your crews must go. 
¥ — to get on location; 

POWER + t the hele 
TOUGHNESS fo 


ntinued operctions: _ 
Thesevare the ~ hich have made 
e Pefty Poftable Drill.world famous. 
with oil cofnpanies @nd contractors alike. 
You'll yoe're time, money @nd footage 
wi en Petty's Pdttable Drill 


' Ae 2061, San Antonio 6, Texas 
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TRIAD’S NEW CATALOG TR-58 


Here is the latest edition of our general catalog which 
includes a special section for Geophysical and Instru- 
mentation Transformers. There are several new items in 
the line which has become an international standard of 
excellence. Your free copy will be sent to you with our 
compliments if you will write... 


4055 REDWOOD AVENUE, VENICE, CALIFORNIA 
812 EAST STATE STREET, HUNTINGTON, INDIANA 


A: CF CET POM 10 UST ES 
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An easily read, clearly illustrated text on 


Modern Geophysical Techniques 


In more than 1200 pages and 
with 715 illustrations, the 1957 
revised printing of Exploration 
Geophysics covers the entire field 
of exploration by modern geo- 
physical methods. It is concisely 
and clearly written by an inter- 
nationally known geophysicist, in 
close collaboration with 39 other 
leading authorities. 


EXPLORATION GEOPHYSICS 


by J. J. Jakosky, Sc. D. 


Thirteen fact-packed chapters 
fully cover all contemporary 
methods; plus permit, trespass 
and insurance problems. A basic 
textbook for every geologist, 
geophysicist, engineer and phys- 
icist concerned with exploration, 
well logging and_ production. 
Adopted by many leading uni- 
versities. 


Send your money order or check for $12.50 for a copy of Exploration Geophysics on 
5-day approval. If you are not fully satisfied, merely return the book in its original 
condition and your money will be promptly refunded. 

TRIJA PUBLISHING COMPANY, 2502 W. COAST HIGHWAY, NEWPORT BEACH, CALIFORNIA 


ZEITSCHRIFT 
FUR 
GEOPHYSIK 


Ed. by Deutsche Geophysikalische 
Gesellschaft 


Editor: B. Brockamp 


This periodical publishes original 
contributions in German, English, 
and French which have not previ- 
ously appeared in Germany or else- 
where, as well as general surveys in 
all branches of pure and applied 
geophysics. It is the official journal 
of the Deutsche Geophysikalische 
Gesellschaft and keeps geophysicists 
in Germany and abroad in touch 
with current results of scientific re- 
search. Applied geophysics is allotted 
wide coverage without neglecting 
other branches of geophysics and re- 
lated fields.—Six issues a year. 

We will send you a specimen copy 
upon request. 


PHYSICA-VERLAG 
WURZBURG 2 / GERMANY 
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“All This is Fine 
But— 
Will Gt Find Oil?" 


remarked an executive of a major oil company, 
as he was being shown through the geophysi- 
cal laboratory of his company—which inci- 
dentally had just completed the design and 
manufacture of .a new gravity meter. 


In our engrossment with the technical details 
of our trade we must not overlook the basic 
purpose of all our efforts which was so pun- 
gently expressed by this vice-president. 


The experienced interpreter of gravity con- 
siders the correlation of gravity with structural 
relief, density contrasts, surface geology, sub- 
surface geology, etc. Nevertheless, there are 
many correlations of gravity prospects with oil 
fields when the structural relief alone is in- 
adequate to explain the magnitude of the 
anomaly. 


Thomas J. Bevan 
910 South Boston 


This factor must be considered in the final 
interpretation after the best has been done 
with the mechanical and technical details of the 
survey. It is the objective, to select the anom- 
alies that indicate better than random possi- 
bilities of producing oil, that must be kept 
foremost in our minds. Newton's law and geol- 
ogy control our imagination and our thinking 
but it is not the primary purpose of the gravity 
survey to produce a subsurface map. 


The problems of elevation factor, terrain 
correction, permits, residual maps, etc. are im- 
portant. Constant efforts are being made to 
make improvements in these details but the 
basic problem is: which gravity anomalies tell 
you where the oil is? 


This practical and most necessary part of 
interpretation of the gravity map can be done 
only by those who have seen the variety of 
s tuations that can and do occur. It is this ex- 
perience we offer to our clients which in many 
instances may be more important than the tech- 
nical details that are so much easier to de- 


scribe. 


Ed M. Handley 
Tulsa, Oklahoma 
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designed to 


facilitate 
accurate 
interpreta! 
of seismic 
recordings 


DENSITY CROSS SECTIONS 
GALVANOMETER CROSS SECTIONS | filtered 
CONVENTIONAL RECORDS 


statically corrected 
dynamically corrected 


mixed 
composited 
stacked 


SSC's Seismic Replay Center can serve you. 
For complete information contact — 


SEISMIC — GRAVITY AND MAGNETIC SURVEYS — LORAC — CONTINUOUS VELOCITY LOGGING 


Seismograph Service Corporation 
6200 East 41st Street * TULSA,OKLAHOMA @ Riverside 3-1381 


Bolivia * SSC of Libyo * SSC of Mesica 
SSC of lo * SSC ional 
WORLD-WIDE SUBSIDIARIES - 
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“A melting pot 
of geophysical experience.” * 


Geophysical exploration techniques 
which are effective in the Middle East 
may also work to your advantage in 
West Texas, or in your other problem 
areas. 


what we learn in the GSI brings to your exploration pro- 


gram 28 years of varie experience in 

. $3 countries, and it is this experience 
middle east hel ou that permits GSI to evaluate your 
ps yi problem area in the light of geophysi- 

cally similar areas... although they 


find oi] at home may be thousands of miles apart. 


Whether camels or cows dot the land- 
scape, the experience GSI gains in 
each prospect area is applied in other 
areas, through a process of “melting 
down” by the GSI Geophysical Engi- 
neering Department and dissemina- 
tion through training programs and 
direct field application. 


Geopnuysicat Service Inc. 


100 EXCHANGE PARK HORTH © GALLAS TEXAS 
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